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ABSTRACT 


: Be hess le OMe! 
At) Cane Aberneariy-on King Christian Island (77°45 N, 
' ° 
101°10 W), the question of what adaptations were advantageous 
im survival and growtn of Luzula coniusa in the high arctic 


environment was examined. 


Much of King Christian Island is Polar Desert (<2% 
Vascular plant cover) with Polar Semi-desert (2-20% vascular 
Dlant cover) occupying a& band 1.5) Km wilde about® 1 Km from 
the coast. The island is highly dissected owing to water 
erosion and, plant communities in the Polar Semi-desert 
apvear to be delimited by snow whose cover is dictated by 
the terrain. The maritime summer climate (July and August 
averages from 1973-1975) is characterized by low temperature 
(2.520)! low precivitation (43 mm), moderate wind speed 
(3.3 m sec”!), high relative humidity (90%) and a high 
incidence of cloud and fog (80%). Microenvironments are 
dominated by the thermal regime. Since air holds little 
water vapour at low tempveratures, and surface to air temper- 
ature gradient was shallow, evavotranspiration was lowe 
Cloud cover however, was high and this completed the cycle 
by reducing the amount of global radiation received and 
keeping both the thermal gradient (surface to atmosphere) 
and air temperature low. Net radiation was 68% of global 
radiation (.207 cal cm min” !) and was mainly dissipated 
by sensible heat flux (62%). Both latent heat flux (27%) 
and soil heat flux (11%) were small components of net 


radiation. Resistances to heat and water loss were low 
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Cee. 5 sec cm7!) owing to the smooth surface (2, = .01-.05 cm) 


and moderate wind speed. 


Luzula confusa is a long-lived (110 years) graminoid 
that appears well adapted to the hostile environment on 
Bing "ciristiran Island.” “Its “turted growth form with a sub- 
stantial amount of standing dead material, lends wvrotection 
to the living tissue throughout the year as well as placing 
the plant in a warm, near-surface thermal environment. Over 
90% of the plant's biomass is within 5 cm of the soil surface. 
A moss layer also aids in protection of living tissue and 
appears to provide the necessary seedbed for plant establish- 
ment. Reproduction of L. confusa is mainly asexual through 


the production of tillers from an underground rhizome. 


L. confusa cannot witnstand drought and its vhotosyn- 
thetic rate drovs dramatically with decreasing water 
potential. The response of the plant to light and tempera-~ 
ture, however, ic “simi larsto tuat.of other arctice praminoids 
and net photosynthesis can be vositive throughout the 24 hr 
arctic day. The potential for net photosynthesis is much 
higher in the spring than in summer owing to higher tempera- 
ture and light. Low sumner temperature apvears to be the 


most important factor in controlling plant metabolisn. 


In general, Luzula confusa avpears to be both morph- 


olorically and physiologically adapted to the Polar Semi- 
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desert environment on King Christian Island. This species 
combines the more efficient graminoid photosynthetic system 
with some of the cushion plant energy trapping character- 
istics. In this way, the plant is able to assimilate 
carbon positively and rapidly at low temperatures. In 
addition, the plant takes advantage of the optimal growing 


conditions that occur immediately after snow-melt. 
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In arctic regions, the abiotic environment appears 
to be much more important than biotic interactions in the 
SUubVival, growth andirevroduction of plants, (Billings, 1974). 
This is especially true in Polar Desert and Polar Semi-desert 
areas where scattered plants are exnosed to some of the most 
rigorous environments on earth. In these areas, climate is 
thought to be the dominant driving force that causes partic- 
ular plant morphological and physiological characteristics, 


+7 


usually defined as plant adaptations. 


Since the direct. response of the plant is to its micro- 
environment, analysis of microclimate is essential in studies 
of pnlant-environment interactions. This climate near the 
ground however, is largely a function of energy exchange 
phenomena at the ground-air interface (Bliss et al. 1973). 

In this study, energy budgets as well as mass and momentum 
transfer considerations were used to establish why certain 


microenvironments occurred where and when they did. 


ee eer 


epreadsot all arctic plants (Polunin 3940), and, as such, 
is exposed to a great variety of microenvironments. Since 
this species is so successful, it was expected that it 
would show morphological and physiological characteristics 


that may be considered as "ideally suited" for arctic 


let ai panied! beige Saae ih 

+ Gher esctiiae) picts mo henner ‘Poa 
Stow Luce, ‘te lot eS: ose 0d BL QT) ae ie et 
seca auld 7s PERE: ad: CRB OgsD, ad adneli: a a8. 
ad stomits eee pony, 18 de WO = 3 iat art —% 
saEdiBg ages ates equol aoivigk Hite ae oni ae ro te 
eolseluetoeiedo Isotndlotiaxyny bas Lacie of oat ‘i 


ancideiashe Jpein es 


“ottolm got of ei tas{q 9h} ao sdtiocagn Jogath amet ey 

setpide mi iE Lineas ee at stam lootsikae teoadeuieas <tttiin aa 
en) scene agen Eto etat sanoisemtetnt gs sonnet vitae a 

senanhoxs ea alte, 19 ote Urwt 5° Wears: ai eons 

+CENeT 615. 19. $2, eats) avn tos ai tis<huporys odd te 

) madnets cn bar aBsm Be Ife, as. atoRhnd yagande cebu sa. wakas a 
‘thataes xiv dehidsios qf hea otow sno.ksirobianen aete . 


«bi, yeast nenw bas exsiiw boiguosn =Inemnomiv 


~ 


Seat, His opmos Seon oft 26 sto at co aad 
‘ Ls ‘BE «bas (B61 ets ToF) atineile OEY ait - to t 


Vs bake bakin 2B er Aitansorinn On et i adios eda) i 


Wonieio Tasiyol oleyia bas Ino tmoLodation vera cad an 
“Bidet ‘aot “bedtive vitsebre as —— = a i. 


survival and growth. The increased activity of netroleum 
exvloration and develonment in the far north in recent 
years has made quantification of plant characteristics 
very important. It was hoped that a plant species that 
naturally occurred in a wide variety of habitats might 

also have sufficient ecological plasticity to survive in 
man-modified microenvironments. Selection of plant species 
for revegetation of verturbated areas becomes much less 
difficult if plant adaptations to both arctic and disturbed 


environments are known. 


The question "What plant adaptations are necessary 
for survival and growth in the high arctic environment?" 
can only be answered through a combined study of environ- 
ment and vlant resconse. This type of study entails 
description of both the plant and its environment in the 
field, and measurement of plant response in the field and 
under controlled conditions. In the’ past, very few such 
studies were carried out on native plant species and, in 
the Arctic, only the International Biological Program (I.B.P.) 
had sufficient suvport, expertise and coordination to bring 
together meteorology and plant physiology in order to 
guantify plant adaptations to specific environments. In the 
arctic I.B.P. studies, the advantages of both cushion growth 
form and upright stance in their respective environments 
were quantified using energy relations and water and 
carbon balance aunties. Luzgulaucontusatis a tulted gram- 


inoid and represents a third growth form found comzonly 


aes By | . hic i: it; 

‘paslowien te ylivitss: ae bane a 
daoget at Sino 4s, ony ae Sitesi . 

apie todaerars }nate be oo 

Seas Aphoste ‘Siete a tedd Legon eel aE 

CP iye id ‘Siete Yo Ho knee Shay 5 it borane 

be éviwipa os vitottestc, Leotatons uti oa : 

abbeeur tnpic “to penromier, eddmno+t tviecioge ® on 


ay 


gest nour soir OSes peste. botadtudted’ Teloe : EO" 
bedautaib hae Sid o18, AOR oF Me lsaseee + sae had tes 
. voeony 646 an 

fe ; aes en 

Viseasoon sis ancisEJsaahs snaly Five So tia ip oft 

PE Sis ah Vis sitorts HA: did arid nik teem bate onvthrnua, 
ehoisvac 20 Ybuva bebftmeo & dave be etna od" tae 
ted Velete 8G adv + ater sanded ‘eal 

-ogdd wk shemootivnes adt bas Fost Satitied 1 “aeke ; 
Bue Sf¢ft ef% nit) satedaen mele to toametladge Bar | 
a . fistie wot visV .jaeq ond AI Abra liNoo mane 


= 


‘at ,. brs snaldsgs dgsin ovigsi ac tye Dbsintes ateys 


© Setter) beget? Lesteeflett tkvaksenneont sit ple ,obyeak’ 
petted od geftenifyoo5 bib scoituegss ,Itcante tyotekrine | 

oF Seto at ypolpteyds tqelg dos vaptoeveia. teste 
eee iednepiorivas ol itosae of aHtatisdoshe +08 Lo vitens 
bees Holand ddde 46 acnednews o89 ,ostoute LAT Sigome 


% wy 


| * . gthamaortuie ovidooqeds «tet Ut soasts dialer tng meted i 


° «2 


ee |. Bine s¥ee- bas snoFslot Ycone auree neki edamup I 4 
Se bedtuY oS meuldcs mie .setDute ona atte : 


”  efnay 09 bive't sic! da works Batt 2 + mca ’ nt 
. | on 


Ti ercuic areas. Itewae expected that’ this plant might be 
adapted to the moist Polar Semi-desert conditions predomin-~ 
ating the northwest Queen Elizabeth Islands. This study was 
designed to compliment the I.B.P. and examine adaptations of 
L. confusa from a micrometeorological-plant physiological 


Viewpoint. 


Tre aims of thie study were: 1) to characterize 
selected ohysical environments on King Christian Island; 
2) to examine the dynamics of microenvironment through 
energy and mass transfer considerations; 3) to describe 
several morphological and nhysiological characteristics 
of Luzula confusa, and 4) to determine adaptations of 
Tuzula that permits the svecies to survive and grow in this 


rigorous environment. 
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DESCRIPTION OF SITE 


King Christian Island is located in the north-central 
part of the Queen Flizabethn Islands aporoximately 4O Km 
SOuun Of al letnnineneciiclanam(fie 1). he island sis ismalt 
(ca. 1000 Km) and has little relief with most areas below 
150 m AMSL. Little geological work other than that assoc- 
iated with vetroleum exploration has been done on the island 
although the larger islands to the north have been studied 
(Ellef Ringnes and Amund Ringnes; Heywood 1957, Fortier et 
al. 1963). Geologically,) the island is a typical. part of 
the lowland of central and southern Mllef Ringnes Island and 
is underlain by shale with minor limestone and weakly indu- 
rated sandstone (Roots in Fortier et al. 1963). The surface 
is covered by alluvial and deltaic sands and marine beach 
devosits (Greiner in Fortier et al. 1963, Pawluk and Brewer 


1975)% 


Much of the tovogravhy has originated from water erosion 
(Plate 1) asvon other iclands of the Sverdrup group (St. Onge 
1964). Low ridges are also in evidence (Plate 2) and result 
from complex toldine during Tertiary time (Roots ini Fortier 
et al. 1963). Im general, the coastal part of King Christian 
Island is a lowland that has numerous small valleys (2-3 m 


deep) cut by seasonal streams. 


The summersclamate of the island: is maritime in nature 


and has low diurnal fluctuations of temnerature and a high 
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Figure 1. Queen Elizabeth Islands showing the position 
,Ol, Kage Christian. tsiand Study. Site. 
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Plate 1. 


Landform result of severe water erosion in the 
lowland areas of King Christian Island. 
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Rock outcrops in low ridges in the central 
part of King Christian Island as a result of 


folding. 
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frequency of fog and light rain. .Sea ice cover did not appear 
to play a dominant, vole an controlling climatic conditions 

as seems to be the case at other arctic sites (Tanquary Fiord, 
Ellesmere Island, Barry and Jackson 1969; Truelove Inlet, 
Devon Island, Courtin and Labine 1976). The summer (July and 
August) climate of the area is characterized by cool tem-era- 
ture, low vrecipitation, moderate wind svneed, high relative 
humidity, and a high incidence of cloud and fog (Thomoson 
1967, Barry and Hare 1974). A more detailed treatment of 
climate is presented in Climatology and Microclimatology 


Cp ike): < 


Vegetative cover -Varics from 0 -— 15% (Vascular vlants) 
Midacie Lsiand is emainiy Polam Desert witn a few" Polar: Semi- 
desert areas (sensu Bliss et al. 1973). The greatest plant 


cover in the nortneast part of the island appears to be 
docalized in a band between i and 2.5 Km from’ the’ coast and 
tnevrest of the area ig essentially barren. (< 1% vascular 
plant cover). There are however, a few isolated pockets of 
vegetation dominated by bryophytes in drainage ways. In the 
Polar Semi-desert area, snow cover avpears to delimit plant 
communities on a gross scale whereas small scale vegetational 
pattern appears to result from soil moisture differences. A 
detailed discussion of some of the more extensive plant 


communities in the northeastern part of tne island is presented 


under Plant Communities (p 10). 
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There was little evidence of soil development under any 
of the plant communities examined and all soils of the area 
are classified as Regosolic Static Cryosols (Canadian Soil 
Survey Committee 1973) or Pergellic Cryaquents (Soil Survey 
orate (Uso s) ToC a raniiucrane Brewer (1975) indicate that 
what little soil develooment there was on King Christian 
Island may be more closely related to weak "solonetzic" rather 
than weak "podzolic"” processes as suggested by Tedrow (19638) 
for sother Polar Desert solls. “his, difference was attributed 
towthe very low Ca'*/Na® ratios (<4) Of the warent material 


originating from marine devosits. 


A site was selected on the northeast end of the island 
(Cape Abernathy; 77° 45! N, 101° 10! W) near the Sun Oil 
Company exploration base camp. in intensive site was chosen 
in each of a Lichen-Moss-Rush and a Moss-Lichen-Rush comunity 
(Plant Communities p 10). These two communities predowinate 
in the Polar Semi-Desert area of the island. Botn communities 
had similar species composition but the differences in moss 


cover and bare soil were sufficiently great to consider each 


as a separate entity. 


The surface of the Lichen-Moss-Rush community was sub- 
divided into six microsites for energy and water relations 
purposes (Table 1); lichens, bare soil, moss, and three vascular 


plants, Luzula confusa! 


wer OLenidiblea.nyparctica fand Saxifraga 


Caesvitosa that were considered revresentative of the three 


rn A LT 


1. Nomenclature for vascular syecies follows Porsild (1964) 
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major plant growth forms. Luzula confusa represented the 
upright graminoids such as Alopecurus alpinus, Luzula nivalis 
and Festuca brachypvhylla whereas Potentilla hyparctica 
represented broadleaved species like Papaver radicatun, 
Ranunculus sabinei, Saxifrage nivalis and S. cernua, and 


saxifraga caespitosa represented the cushion growth form 


that includes Draba spp. and Cerastium alpinum. 


The heterogeneous surface of the Moss-Lichen-kusna com- 
munity also necessitated subdivision for energy budget work, 
and the same microsites as at the Lichen-“Moss-Rush community 


were selected. Owing to the absence of Saxifragza caesnitosa 


at this site, the few cushion plants were included with the 


broadleaved species (Table 1). 


Table 1. GCberacteniciic) epecses andy oercents cover -of 6 
microsites from Lichen-Moss-Rush and Moss-Licnen- 
Rush communities on King Christian Island. 


Characteristic Percenu COVoL. 
Microsite Species Lichen-Moss Moss-Lichen 
-Rush -Rush 
ifj¢ehen Black terri colous crust HO et fa 
Wome Rhacomitrium lLanueinosum to. 
We ee Pe ee EE LE EG A ee 
Oncovhorus wanlenbergfia hued 
Unvegetated 33.2 Vols 
Upright 
Graminoids Luzula confusa o.5 Gao 
Broadleaved Potentilla hyvarctica Zh, 4.6 
Cushions Saxifragza caespitosa 1.3 - 


ree 


* Cushion Plants (1.2%) have been included in the Broadleaved 


Microsite. 
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PLANT COMMUNITIES 


INTRODUCTION 


Many of the plant communities of the Cape Abernathy 
region of King Christian Island have been described by Bell 
(1975) and Blundon (1976). This study made no attemnt to 
. repeat this work but it was deemed necessary to describe the 
plant communities near the Sun Oil Company exploration camp 
to 1) yermivvexvansiloneOmmmcroscm ve enercy relavions to the 
plant communities as units, and 2) estimate the importance 
of the various factors involved in delimiting plant community 


types in the area. 
METHODS AND MATERIALS 


Vegetation was sampled using belt transects (25-40 m 
long) parallel to the slope of the land and sampling was done 
witno a 25 x (25 ¢m qiadrauv. INS *size-or quadrat Wace varcger 
than the minimum sampling area required as defined by Cain 
and Castro (1959). End points of the transects were selected 
subjectively and two contimous transects were run at each 
site. More than 100 quadrats fell within each of the commun- 


ities described. 


RESULTS AND DISCUSSION 


The Lichen-Moss—Rush community (Plate 3) was characterized 
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Plate: 4. 


Lichen-Moss-Rush community in the Polar Semi- 
Desert area of King Christian Island. 
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by a substantial amount of lichen covered surface and unvege- 
tated soil. Vascular plant cover (8.7%) was dominated by 
Luzula confusa, Papaver radicatum,: Alopecurus alpinus and 
Draba spp. with numerous species contributing 0.2 to 0.5% 
cover (Table 2). Moss cover (18%) was dominated by 
Rhacomitrium lanuginosum (Hedw.), and terricolous crustose 
and foliose forms dominated the lichen cover (40.1%). 
Unvegetated soil comprised 33.2% of this community. The 
Moss-Rush-dry meadow described by Bell (1975) was equivalent 
to this community but since lichens voredominate and since 


vascular plants had such a low cover value, the name Lichen- 


Moss-Rush was preferred. 


Luzgula nivalis, Alovecurus aloinus, Luzula confusa and 
Stellaria longipes dominated the vasular vlant cover (11.4%) 
at the Moss-Lichen-Rush community (Plate 4);(Table 2). Moss 
cover (44.9%) was dominated by Oncophorus wahlenbergsia (Rrid.) 
and there’ was little unvegetatec’ soil (1.4%). Crustose and 
foliose lichen cover (42.3%) was comparable with that of the 
Lichen-Moss-Rush community. The Moss-Lichen-Rush community 
was equivalent to the “oss-Rush-moist meadow described by 
Be1l1(1975) but since lichens represented a large proportion 
of the surface cover (42.3%), and since vascular plants were 
not sufficiently common to use the term "meadow", the name 


Moss-Lichen-kush community was adopted. 


Vascular plant cover (mainly Stellaria lonsipes) of the 


Lichen-Moss mud boil community (Plate 5) was very low (2.9%). 
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Plate 4. Moss-Lichen-Rush community in the Polar Semi- 
Desert arecavor kine Christian Island. 


Plate 5. Lichen-Moss mud boil community along river 


banks on King Christian Island. 
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Table 2. Four plant communities of the Polar Semi-desert area of North- 
east King Christian Island. Porsild (1964) is used as the 
authority for taxonomic names. 


iS SS SE RN RR eee EY TILT BESET AE TSS Ga SEES aR Aan ia. ER 
i Percent Cover 
Species Lichen Lichen-Moss Lichen-Moss Moss-—Lichen 
Barrens Mud Boils -Rush = Rush 


Gramineae 
Alopecurus alpinus 4 vel 1.2 
Festuca brachyphylla ~2 ote 
Phippsia algida aD 2 
Puccinellia vaginata a3 + 
Juncaceae 
Juncus biglumus Sek 
Luzula confusa phage ay 
Luzula nivalis aa 4 SoZ 


Polygonaceae 
Oxyria digyna o4 
Caryophyllaceae 
Arenaria rubella “3 + wie. 
Cerastium arcticum oe Ae 22 
Cs megellii 
Stellaria longipes 1.0 4 ae 
Ranunculaceae 


Ranunculus sabinei ++ 25 ie 
Papaveraceae 

Papaver radicatum Aye ee <3 
Cruciferae 

Draba spp. 04 o2 8 9 

Cardamine bellidifolia + 

Cochlearia officinalis 4 


Saxifragaceae 


Saxifraga cernua ae AS) .4 

SY cdespitosa! 2, se + aw 

S. nivalis + aS ¥, 

82 °rivularis one oa os} 

S.vilagellaris. ia 

S. foliolosa 1 

S. oppositifolia pe 

Sy tenuis v1 a2 
Rosaceae 

Potentilla hyparctica 3 -1 
Total’ Vascular Cover PAPA 2) Pie, oof ire 
Moss Cover Ae 291 18.0 44.9 
Lichen Cover 1926 46.0 AOS Leet 
Bare Soil his I 3327 a ae“ 


* From Bell (1975) 
+ <.05% cover 
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This community was characterized by lichens (46%) and mosses 


(29.7%) and 21.4% was unvegetated (Table 2). 


As mentioned above (Site Descrintion p 7), these Tolar 
semi-Desert areas were localized in a band 1.5 Km wide, 1 Km 
from the coast. In this area, snow cover a»npears to delimit 
the plant communities. Lichen barrens (Table .2; ,Bell,.1975) 
occurred on ridge-tovs that had a thin snow cover or were 
blown free in winter. This community is exposed to winter and 
summer desiccation and abrasion by windborne ice and sand 
particles. At the other end of the exposure gradient, Lichen- 
Moss mud boils were confined to areas of deep snow accumu- 
lation (>1 m) along stream beds. This community usually 
had an extremely short growing season that aspears to limit 


4 


vascular plant establishment. 


The major factor in the establishment of the Moss- 
Lichen-Rush community ratner than the Lichen-Moss-Rush 
community appears to be the greater amount of surface water, 
mMarniy from snow melt. This latter community had 13.2 cm ot 
snow on June 16, 1974 as compared with 353.9 cm at the Moss- 
Lichen-Rush community. In addition, snow persisted over 

the Moss-Lichen-Rush community until the end of July, 1974 
and provided a source of water for most of this growing 


season, 


COMELUGIONS 


The plant communities in the Polar Semi-desert areas of 


northeastern King Christian Island appear to be delimited by 
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snow both by its direct influence on protection and growins 


season length and indirectly through irrigation. 


The Lichen=Moss-Rush community had 40.1% lichen cover, 
95.2% unvegetated soil, 18% moss cover and 8.7% vascular 
plant cover. The Moss-Lichen-Rush community on the other 
hand, had 44.9% moss cover, 42.3% lichen cover, 11.4% 


wascular plant cover and 1.4% unvegetated soil. 
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CLIMATOLOGY AND MICROCLIMATOLOGY 


INTRODUCTION 

Meteorological measurements in the shunsh ci are carried out 
mainly by the Atmospheric Environment Service (AES), Canada 
Department of Environment (i.e. Boughner and Thomas 1962, 
Thompson 1967). The Arctic and particularly the high arctic 
islands, have few places of vermanent human settlement anda 
hence, relatively few, widely-separated permanent meteorological 
stations as compared with more temperate areas. Many researchers, 
Lpeaveriety of distrplines, worsxing any the Aretic, help to fil] 
in the gaps between permanent stations by providing climatolog- 


ical information to AES during the summer months. 


The observations carried out in this study were to 1) 
provide data to the AES network through Polar Continental 
Shelf Project, Canada Denartment of Energy Mines and Resources 
headquarters in Resolute Bay, N.W.T. and 2) vrovide general 
Climatological information about the site for comparison with 


other high arctic sites. 


MIcroclimatological studies area rarioy on. ther Arcvres 
most being very recent and of only short term (<3 years). 
Most studies have been confined to the Low Arctic (for example 
Wendler 1971, Romanova 1972, Weller and Cubley 1972, Brazel 
and Outcalt 1973, and Skartveit et al. 1975) with only few 
carried out in the hieh arctic islands (Vowinckel 1966, Barry 


and Jackson 1969, Ohmura 1970, Smith 1975, and Courtin and 
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Labine 1976). These studies range in scope from purely a 
listing of climatological measurements to studies on the 
influence of micrometeorological parameters on plants and 


eninals. 


the aims of the microclimatolorical. component, of this 
study were 1) to describe microenvironments of two plant 
co:;munities and 2) to »rovide background environmental infor- 
mation to permit ecological interpretation of plant physiolog- 


ical responses. 


METHODS AND MATERTALS 
CLIMATOLOGY 

Observations were made at 00, O4, 12, 16 and 20 hr G.M.T. 
and were reported to AES at OO and i2 hr G.M.T. Methods 
followed Manobs (Meteorological Division, Canada Department 
of Snvironment, 1973) and included maximum, minimum, ambient 
and dew voint temperatures, wind speed and direction, visibil- 


ity, orecipitarion, and cloudwcover, Lype and meleit. 


Maximum and minimum temperatures (1.5 m) were measured 
with a Max-Min Thermometer (Taylor Instrument Co. Model 5458) 
in an aluminum louvered shelter. Ambient and wet bulb temper- 
atures were measured with a Sling Psychrometer (Taylor 
Instrument Co.) wetted with distilled water, and dew point 
temperature was determined from standard psychrometric tables. 
Wind speed and direction (10 m) were estimated from measure- 


ments made at 50 cm and visibility, cloud cover, tyne and 
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height were estimated visually. Precipitation was measured 
with a Wedge-tyve Precipitation Gauge ("dwards Mfg. Co. Model 


Tru-Chek) at 50 cm. 


MICROCLIMATOLOGY 

The problems associated with microclimatological 
investigations in the Arctic have been described by Courtin 
‘and Labine (1976) and that explanation serves well to account 
for the incomplete data recorded in this study. Measurements 
were confined to several weeks vreceeding and after the snow 
free period. 

The instrumentation used, its distribution and the 
frequency of measurement are outlined in Table’ 3. "9 A: continu- 
ous record of all microclimatological rarameters was only 
vossible in 19743 and during the following two years, detailed 
measurements were undertaken only when plant physiological 


measurements were taken. For possible errors see Appendix ©. 


INSTRUMENTATION 

Global radiation (280-2300 nm) was measured with a Kipp 
and Zonen Albedometer Model CM-4 at the dry site (1 m)... This 
instrument also measured reflected global radiation and the 
output from both sensors was recorded at 10 min intervals by 
a Data Aquisition System (Esterline Angus Model D2020). 
Reflected global radiation at the moist site was determined 
with a Kivp and Zonen Solarimeter Model C™-5 mounted upside 


down at 1 mereThe,output was recorded continuously for 5 min 


hr7! on a Portable Strip Chart Recorder (Esterline Angus Model 
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T~171-B) equipved with a Stevpins Switch (C.P. Clair Canada 


Division); (see Addison 1973). 


Global radiation (450-3500 nm) was recorded on a 


Robitzsch Bimetallic Strip Pyranogravh (Belfort Instrument 


Cone ode! 51650) mounted horizontally at-15 cm. 


Table 3. Microclimatological instrumentation, distribution and 
freauency of measurement on King Christian Island 
(summer 1973-75). | 
Station Sensor Type of Measurement Frequency 
Belfort 3-cup 
Anemometer wind speed continuous 
Mac. Stewart 
Wind Vane wind direction continuous 
Belfort air temperature 
Hygrothermograph and relative humidity continuous 
; Precipitation 

Lichen- Gauge rain and snow ‘4 hourly 

Moss~ Robitzsch-type global radiation ; 

Rush Pyranograph (350-3500 nm) continuous 
Kipp and Zonen global and reflected x 
Albedometer radiation (280-2800 nm) 10 min 
Funk Net Radiometer total incoming 4 
and Black Body Cup radiation 10 min 
Grant Thermistors air and soil 

temperature hourly 
Thermocouples near surface - 

temperatures 10 min 
Belfort. 3-cup ne 
Anemometer wind speed continuous 
Belfort air temperature and An 
Hygrothermograph relative humidity continuous 

Moss- : 

. Precipitation Pon 

Lichen- Gauge rain and snow 4 hourly 

Seay pace aha ie tote global radiation re 
ae fhe eb oad 7 (350-3500 nm) continuous 
Kipp and Zonen reflected radiation ; 
Pyranometer (280-2800 nm) hourly 
Grant Thermistors air and soil AR 

temperature hourly 
Thermocouples near surface 2 
temperatures hourly 
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* 1973 only 


** 1973 and 1974 only 
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Total incoming radiation was determined indirectly with 


a Funk-type Net Radiometer (Middleton and Co. Model CN-1) with 
a Black Body Cup attached to the lower surface (1 m).° The 
output (7) was recorded at 10 min intervals on the Data 
Aquisition System and total incoming radiation (1) was calcu- 


lated from Equation 1. 


I =f rerTt (in) 
where € is the emissivity of the black body cuv (1.0),0, the 
| ~11 eee = a 
erefen-Boltzmann constant (6.17 x 10 MT gal em min deg +) 


and T,, the temperature of the black body cup Ce 


Longwave (2800 nm) incoming radiation (lig) was calcu- 


lated from Equation 2. 


sooty tat (2) 


where Rn is the global radiation (280-2800 nm). It was 
assumed tnat owing to the long path-length for global rad- 
jation in the Arctic, minimal ultra-violet radiation «280 nm) 


penetrated to the surface and this component was ignored. 


Net radiation (R,) of the two sites was determined 
indirectly by calculating Rn Of each microsite (fauation «5) 
and averaging based on the surface area that each microsite 


Contripucved to the total. 


R. = L + R 


I 
iB : = Shae a ali (3) 


Ay 


where R is the reflected shortwave (global) radiation, €, the 


surface emissivity and 7 the surface temperature. Emissivity 
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was assumed to be that of a black body (1.0). An error 
analysis (see Energy Budget p52) showed that a 10% decrease 
in € (0.9 vs .1.0) resulted,in a 3% higher value of Rae 
Reflected radiation was assumed to be the sane for all micro- 


sites. 


A set of 2-5 thermocouples (0.13 mm diam.) connected in 
parallel was used to estimate mean surface temperature. Good 
physical contact between sensor and surface was ensured by 
imbedding thermocouples into the top mm of bare soil, thread- 
ing them tnrough lichen thalli and moss stems and mounting 
them on leaf thermocouvle clips for leaves of vascular srecies. 
Leaf thermocouple clivs (Addison 1973) were modifications of 


the one used by Fry '(1965). 


Air and soil temperature at both sites was measured with 
thermistor probes (Type C) recording on a Grant Model D 
Multinoint Recorder. The probes were positioned at 25; 10, 
Bybee es “i>, and, -—50 cm and-all probes above ground were 
shielded from direct global radiation by self-aspirating 


aluminum shields (Courtin pers. comm.). 


The near-surface temperature profile was determined 
with 0.075 mm diam. conver-constantan tnermocouples at 
nevwenbe: of 1, O.5..-0. > and 10 Cmoamd. belerenced 7a. O°C with 
a cold junction compensator (Omega Engineering “odel CJ). 


Thermocouple outputs were lorged on the Data Aquisition 


qe = - os 7 
oc te es ert 


if tg au iey saints 6.0; oF 
oro ie ifs aot Ones Lome ba ot. toes. 


| Sri es roan of 
iso “seliereenes Saat del “aR he oe 2 67 
| . ira a Oe a 
vd notve me bey 6 vis Sina Bet: daha Hoonied 2adHOo®, 

-pasiss , fifa sad to. on god ae aint seta 

times Bike annde ascx Bis oe i pith ‘dadont 4 

wTVLIe%a Aeihsens Te sovenl tot ages “fovgrons 

Be 

to gmoivcsliison etew (eer tog LAA) agt{o 


(2a? bad va te 


tio hotenser apt “qoels dtod ts “orutesseans aan 
d.febe sient £09 saeieeneds ( ene"), 
«Ot .2S 4s porehthaby ate ansony ont id 
Stew hanoas ‘eves aston: Tie hes mo i bos ate co 
ahets ei ciel ai “cd nek betes ead fost 
ew en, ch PBed). 


“ts astaweroueuts tasetenomnaqeos ps: pi 0.0 Ate | 
ity 9°O 4 beoaerstes bes m3: f= pag 2,04 2.0 a to péited a 
AO Leber satapopin a? eRon0) Totasregmos noksoawt Bier w 

| he, Mofdtetvel ste edt nO) beROL eee nna 240 algueabansia 


Z a fe 


25 


System at the dry site and the Portable Strip Chart Recorder 


apne MOLet (ai.ten0 


A Hair Element-type Hygrothermograph (Belfort Instrument 
Co. Model 5-594) was used to measure both air temperature 
and atmospheric humidity. The instrument was enclosed in an 
aluminum louvered shelter (Vogel and Johnson 1965) and sampled 
the zone between 10.and 20 cm. A Sling Psychrometer was used 


to calibrate the Hygrothermograph on a biweekly basis. 


Wind speed was measured with 4-cup Totalizing Anemo- 
meters (Belfort Instrument Co. Model 5-349) connected to a 
10 channel Event Recorder (Esterline Angus Series A). Each 
mile of wind was recorded as an event and at that time, wind 
direction was recorded ‘using "a Wind Vane (M.C. Stewart Co.) 
also connected to the recorder. Poth Wind Vane and Anemo- 


meters were positioned at 50 cm. 


Wind profiles were determined with a Hot Wire Anemo- 
meter (Hastings-Raydist Model AB-27) and an Omni-directional 
probe at 4 locations at each site. Measurements were taken 
Sie 3), 105 55. >; andl CM, and 4, Sevss0l Peaciirs were 
taken at each location. Readings were taken 10 sec apart 
to prevent bias in determining visual means during variable 
winds (Courtin 1968). All wind profile determinations were 
carried out when the 50 cm wind sveed was between 3 and 5 
m seth to ontimize the sensitivity of the instrument and 


permit comparisons between prevailing wind directions. 
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Precipitation was measured with a Wedge-type Precipita- 
tion Gauge (orifice at 35 cm). This instrument has two 
distinct limitations; it disruvts air flow at the corners 
hence changing the effective surface area and, it permits small 
droplets of water to adhere to the sides of the gauge and 
these are either not recorded or evaporate repraty: dh) done a ia 
study, underestimates of > 50% were observed during light 


rains (0.08 mm wren!) g 
RESULTS AND DISCUSSION 


CLIMATOLOGY 

The summer climate (1975-75, July and August means) of 
the Cape Abernathy area, King Christian Island was character- 
ized by low temperature, low precipitation, moderate wind 
speed and a high incidence of cloud and fog (Table 4). The 
Climate of tnis area was not unusual and was quite similar 
torovwer high arctic sites such sas Alert and sachsen’ (Table 4). 
The site had fewer degree days above o°C than any of the 
permanent weather stations except Isachsen and even sites as 
much as 5° in latitude farther north did not have a more 
rigorous environment. The thermal gradient in the arctic 
islands appears to be from the volar ice vack towards the 
Southeast rather than latitudinally. The fact that micro- 
climatological conditions may override the general climatic 
pattern (Barry and Jackson 1969, Courtin and Labine 1976) 
means that great care must be taken when estimating conditions 


at any site from the general synoptic pattern. 
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Table 4. Summer (July and August) climatic data from high arctic 
sites. All values are 1973 and 1974 means. Stations 
other than Cave Abernathy are from Monthly Record 
(Atmospheric Environment Service, Canada Department 
of Environment). 


Mean Precip- Mean Wind Prevailing Mean Celsius 
Site Temoer- itation Speed Wind Cloud Degree 
ature mm m sec” Direction Cover Days _above 
C olde 

Cape Abernathy 

(779K 5'N, SENS) 43.0 5.9* Nw 28 141 
101° 10'W) 

Alert 

(82°30'N, 222 Ow Be NE 81 166 
620201) 

Hhureka 

(80°O0'N, lice 2061 58, W 76 267 
85°56'W) 

Isachsen 

(78°42 'N, 2-0 hG.O ete SW 86 138 
103° 32'W) 

Mould Bay 

(76°14'N, 361 Royis Dee NW 79 197 
119° 20'W) 

Rea Point aL 

C75 21 'N, 3.0 39.1 es SE 82 193 
94°59 'W) 

Sachs Harbour : 

C77°57'N, 5.0 50.5 Gee SE 7 OMe. 
124°4 'W) 


a i ee a Ne 
Wind speed has been corrected to a height of 10 m after Monteith 


(1973) 
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Although all three years had similar seasonal means of 
temperature and wind speed, there were great differences in 
type of season. There was an exceptionally warm and clear 
spring in 19743 and the land became free of snow very early 
(June 15, Wittler pers, comm.) whereas in 1974, snow covered 
most of the area until June 28. Snow and ice remained in a 
nearby river valley until mid-August in both 1974 and 1975 
in contrast with 1974 when this same valley was snow-free 
by June 25. Maximum, minimum and average weekly mean temper- 
atures (Table 5) showed the same vattern as snow melt, and 
peaks were reached 10 days later in 1974 than in 1974. The 
1975 record is not long enough to compare with the other two 


years and has only been included to indicate trends. 


The greatest difference between 197% and 1974 anpears 
Coupe in the amount. of cyclonic sactivicty se. Comparison sor the 
surface synoptic charts (Atmospheric Environment Service, 
Canada Department of Environment, Arctic Central Library, 
Edmonton) with precivitation showed that in almost all cases 
(95%), precipitation of greater than 0.25 mm occurred when the 
centre of a low pressure system was within 8 mb of the station. 
Defining “cyclonic activity" as the-time when the centre of a 
low pressure system was within 8 mb of the station, 39% of 
the days in 1973 had cyclonic activity as compared with 25% 
in 197. Iteis felt that early snow=melt in’ 1975 created 
steep thermal gradients between land and ocean surfaces 


owing to radiative heating, and permitted greater evaporation. 
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Table 5. Weekly means of climatological parameters for summers 
Of el IiS “SLO/ Spe Cape Abernathy. Kino cnr. stan obs land. 


Week Temperature nC Precip. (mm) Windl. HO) tegen Cloud 
Ending MAX MEAN MIN AMOUNT TYPE (m sec 7) % Cover (3%) 
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oguly 122 Sits Zb5~, HONS SLE 2 M 259 100 91 
July 29 Geel, ge aa OBR 6 240 S S48) $9 89 
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Aug 12 Seo DASE OES 8 ir) 3S R Suvik 100 oF 
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Sept 2 Sie) te a mee a Loe R 2700 100 99 
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This would result in greater instability of the atmosphere 
and hence, greater frequency of cyclones. The differences 
between the years in vrecipitation, cloud cover, atmospheric 
humidity and to some extent wind sreed (Table 5) tend to 
Euvport, this. hypothesis. since,all four parameters are at 
weasiepartially linked, to cyclonic activity, (Jackson 1961, 


Mudier and Roskin-Sharlin 1967,. Lowry.1967, Barry and Hare 


~. 


In general, the.climate.of Hing Christian Island appears 
to be dominated by a thermal regime that stems from the heat 
exchange of land, water and ice surfaces as surgested by 

Hare (1968) for the entire Arctic. Low temperatures tend to 
keep relative humidities nigh since it takes very little water 
TOMSsAvurave.coOla air (Geirer 066). Bocw the’ carectuand 
indirect (humidity) influences of temperature keep evaporation 
to a minimum; the final result being low precipitation. 
Although precipitation was.low, cloud cover was high and 

this completed the cycle by reducing the amount of global 
radiation received and keeving temperatures low. The vattern 
can be modified however, and the clear and warm svring 
conditions with high global radiation (1973) was felt througn- 
out the summer. Snow and ice ablation (time and rate) 
therefore, also appears to be a primary factor in controlling 
variability of summer climate. The importance of snow and 
icenin controllane arctic climate Nas been dicussed by 


numerous authors (Miller 1956, Marshunova and Chernigovskiy 


1966, Barry and Jackson 1969, Bliss et al. 1973). 
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MICROCLIMATOLOGY 


RADIATION 

Global radiation during the summer period showed preat 
Variability both between the years studied and throughout the 
season (Fig 2).. In spite of the scatter, a trend of decreasing 
radiation was evident that corresponded to the 
pattern. on Devon Island (Courtin and Labine 1976). The 
decline in global radiation over the snow-free period was 
much greater than that in temperate arcas as a result of the 
rapid decrease in solar altitude after the summer solstice 
that characterizes volar region radiation regime. The 
summer (July and August) mean (1973 and 1974) of global 


& ae) was lower than at Truelove 


= 


radiation (0.21 cal cn 


Zz 


Mie oe (oe O cal cm) mint se Countin soma bpige, 1976) 5 Hureica, 


Moa bay, Resolute or Sachs Harbour (0.24, 0.22.) 0tee, 0.25 
cal cm7© min” | respectively, Monthly Record, AES) but was 

rae : aie 
comparable with Walues from Alert and Isachsen’ (O%21 cal ‘cm ~ 


j 


mone), Monthly ‘Record, ARS) . 


Fig 2 also shows that there was a consistently lower 
level of global radiation from mid-July to mid-August in 
1973 than in either of the other two years vcresented (ca. 15%). 
This stems from the greater cloud cover (ca.15%) and tay be 
related to the greater frequency of cyclonic activity caused 


by early snow melt (see above). 


Global radiation (Rp) is only one component of total 


incomine radiation (1) (Fig 3) and although it apreared to be 
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Figure 2. Global radiation suring the summer period of 
1973 - 1975 at Cape Abernathy, King Christian 
Island. Values are weekly means. 


to bette sammie oft yu Pit ¢ ad oL® 
wittecad uakt puddenteds oqut te pind a : 


ee SEF SEE ONENP: 6 sponta nk arin 
ae 
(tine, Gal “4 Selatyy 


piping) © ' 


mh 
fess) 


Radiation cal-om~ min’ 
tn 


op 


4a—s Total ltncoming 
eo— 3 Global 
m—H Longwave 


"1 ania eee tat ada bela ee yc ibaa 


FALUre 5 


June July August Sept 


Total incoming radiation and its longwave and 
shortwave components during 1973. Values are 


weekly means. 
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be 
responsible for variability in total incomins, longwave 
incoming radiation (Lq) was the a palae source of radiant 
energy. During the sumner of 1973, La exceeded Rm for most 
of the season and was relatively constant, accounting for 
boot the 0.65 cal cm? min7!' total incoming radiation. 
Vowinckel and Orvig (1965) estimated that longwave at 78ON 
should represent approximately 69% of total incoming 
radiation. Detailed considerations of radiative energy 
balance are presented under Energy Budget in the following 


Sec tLon. 


Reflected shortwave radiation was 10% of global radiation 
av the dry site and 12% "atte moist. These albedo values 
(.10 and .12) remained constant throughout the summer and 
were comparable with values of .12 to, .3 foremeadows and 
Pieldsem celeer 1966) end other arctic Sites (.1 to .4, 

Jackson 1960, Ahrnsbrak 1968, Weller and Cubley i972, 


Addison 1975, Courtin and Labine 4976). 


On a seasonal basis, net radiation at the dry site (0.15 
e min” !) was shkightly higher-than that at. the moist 
a 


cal cn 
site (O.14 cal cm ming ye Theitdifference is within 

potential instrument error and the values were considered 
to be the mame.in Netvraditation, was.65%1 08 global radiation 


and 22% of total incoming radiation. These percentages were 


relatively constant throughout the snow-free period. 


Great differences in both albedo and net radiation 


occurred with snow melt (Fig 4). On-June 23 and 2h, 1974, 
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Figure l. 


e—e Global 
E—-m Reflected 
A— wh Net 


Changes in surface energy regime during snow- 
melt in 1974. Values are daily means. 
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albedo was 0.72 whereas four days later it was Oniy Dele, 
This dramatic’ drop coincided with an increase in absorbed 
Piewey that rose from 7 to 64% 0f elobal radiation.’ Snow 
ablation (19cm in 4 days) was more rapid tnan was typical at 
Other arctic sites (Weller et al. 1972 and Courtin and Labine 
novo. the only excéntion to this was. during aciabatic 
heating by Fohn winds on Devon Island (Courtin and Labine 


rig76).. 


TEMPERATURE 

Thieme was gereat Vat iabiwtyin Whe temeerature (1.5 m) 
throughout the summer seasons of all three years studied 
(Fig 5) but in spite of this, the seasonal means (July and 
AUeUGi® Were almcset identical ranging from 2.1 to CNS 
ab teny™~e@tner arctic sites including Panquary Fiord, Lake 
Hazen (Barry.and Jackson 1969) and Truelove Inlet (Courtin 
and Labine 1976), air temperature at 1.5 m increased rapidly 
following snowmelt. During the snow-free veriod however, 


air temperature was correlated with global radiation (r=0.8). 


The temverature of the surface of both communities was 
tener, than thaa at’ 1.5 méthrournout the 1975. summer speriod 
(Fig 6). Differences between ambient anc the mean of the 
surface temveratures of the two communities reflected 
intensity of radiative heating and ranged from Owute Gas" 
(mean 170 In spite of the differences between ambient 


and surface temperatures, they were highly correlated (r=0.96), 
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Figure 5. Stevenson screen temperature (1.5 m) during 
the summers of 1973 - 1975. Values are weekly 
means. 
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Figure 6. 


e——-e@ Ambient (1.5m) 
eecoecce Lichen- Moss-Rush 


erator Moss-Lichen- Rush 


June July August eth 


Temperature at 1.5 m and surface of the two 
plant communities during the summer of 1973. 
Values are weekly means. 
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supporting the hypothesis of Hare (1973) that the lower 
atmosphere synoptic vattern is controlled by the surface 


thermal regime. 


Fig 6 also shows that although the surface temvera- 
tures of the two communities were similar throughout much 
of the season, they started to diverze in mid-August. 

This divergence stems from the saturated conditions of the 
Moss-Lichen-Rush community and the high heat capacity of 
the water present. The same difference between the sites 
is also shown in a comparison of the number of celsius 
degree days at each site in July versus August (Table 6). 
In July, the Lichen-Moss-Rush surface (dry site) had 70% 
more degree days than at 1.5 m while the Moss-Lichen-Rush 
surface (moist site) had only 42% more. In August on the 
other hand, the dry site had 32% more degree days than at 
1.5 m whereas the moist site had 80% more. The lower 
percentage increase in August than in July at the dry site 
resulted from lower levels of global radiation whereas the 
dramatic increase at the moist site resulted from reduced 


cooling because of high soil water content. 
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Table 6. Celsius degree days above O°C of two plant 
communitaesJon King Christian Island. Data 
from 1975. 
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Month Height Lichen-Moss- Moss-Lichen- 
cm Rush (dry site) Rush (moist site) 
is (0) 105 105 
10 105 1350 
JULY O 178 a7 
~5 146 126 
150 4 he 
10 Lby 58 
AUGUST O 58 79 
7 SD 64 
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The temperature profiles presented in Figs 7 and 
8 show both the influence of the surface heat budget and tne 
secsonal vattern in thepmal negime. UVhe curves are D-day 
means in 197% representing periods of high (ending July 8), 
moderate (ending Aug 1) and low (ending Aug 27) insolation 


(0 -50)+-O%-2:7-5+-0809 cal em7> min! global radiation respectively). 


The preatest difference inthe profiles at the dry site 
was in the amount of surface heating. Under high radiation 
the temperature gradient from 0 to 5 cm was 3 C° whereas 
under moderate insolation it was 1.3 C° and under low 
Nao lan70n 0.9 co. The moist site on the other hand, showed 


Little surface heating (< 0.5 C°) under all light conditions. 
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Figure 7. Temperature profiles at the Lichen-Moss-Rush 
community for selected periods in 19743. Values 


are 5 day means. 
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Temperature profiles at the “oss-Lichen-Rush 
community for selected periods in 1973. Values 


are 5 day means. 
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surrace water, its high heat cavacity and its influence on 
pavenu Neat Ilux appears to account for the difference 


between sites since Rn of both was the same. 


ae thermal *‘eradient in the top 2 ¢m of soil wae steerer 
ae the Molo site than at. the dry one. The difference 
areas tO: svem irom Dot dilferences. in Neat, camacity and 
thermal conductivity between the sites. Thermal conductivity 
Cmca is much lees tian tial Of mineral, coal 1(0.lu— 9 lsc ve. 


1 =| 


Deve —e 5. mililical em Secu deg C °3 van Wijk 1965) and 


Bince the morset site had a much,ereater cover, of moss, .(ca’. 


— 


ecm deep), the thermal conductivity of the surface layer 
should be less at the moist site tnan at the dry site. There 
was also less seasonal amplitude in temperature (-50 cm) at 


the moist site suvvorting the hypothesis of lower conductance 


aa naira? (Ss Le). 


The seasonal trend in thermal regime is reflected in 
the. temperature gradient.in the soil. (Pigs 7 & 3). Im early 
summer (July 8), the temperature gradient (0 to -50 cm) was 
extremely steen (ie. 11.6 6°.—-drysitevand-8s5 co, moist 
site). This gradient decreased throughout the season and 
aoproached zero on August 27. Since the temperature at 
-50 cm on Aug 27 was lower than on Aug 1 at both sites, it 
can be exvected that the active layer was decreasing in depth. 


Direct measurements of active layer devth showed an 8 cm 


decrease from August 5 to August 25, 1973 at both 
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sites. The maximum soil thaw in 1974 also occurred in mid- 
August (between Aug 12 and 20) reaching a devth of 48 cm at 
the dry site and 49 cm at the moist site; about 4 cm less 
than in 19735. The time of maximum active layer depth avpears 
to be related to latitude and it is earlier as one goes north. 
Cave Abernathy had one of the earliest times of maximum soil 


thaw revorted (Table 7). 


Table 7. Time of maximum active layer depth of some arctic 


sites. 
Site Latitude Time of maximum Autnor 
active layer 

Eureka 80°N Mid-August Smith (1975) 

Cave Abernathy 78ON Mid-August Thas study 

Resolute 75ON knd August Cook (1955) 

Truelove Inlet ISON Rarly September Courtin and 
Labine (1976) 

Barrow, Alaska 71°N Mid-September Mather and 
Thornthwaite 
(1956) 

Abisko, Sweden 68°N November Skartveit 


et al. (1975) 


WIND 

Wind speed at Cave Abernathy was De yaa and averaged 
3.3 m sec’! at 50 cm both in 1973 and 1974 (Table 5). This 
value can be used as an average for the entire area since 
there were no major topogranhic features to influence either 


speed or direction such as occur Bvutanquary #iord (Barry and 
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Jackson 1969) or Truelove Inlet (Courtin and Labine 1976). 
Prevailing winds were from the northwest but winds from both 


north and south were frequent (ca. 20%), (Fig 9). 


Rae (1951) pointed out that wind sveed in the Arctic 
was no greater than in temperate areas but that its effect 
may be greater because of the relatively smooth tundra 
Burtace. The wind promiles (Fie 1@) confirm this and the rouesh-— 
ness length (z)) of the two communities (moist and dry) were 
02015 and 0.024 cm respectively.» These values (.005 to .05 cm) 
are much lower than reported for vegetated surfaces (eg. 0.1 cm, 
Prass: | cm, Barley and 20 ¢m, maize Monteith 1973) but 
similar to that of smooth snow (0.01 cm, Weller et al. 1972). 
Using the relationship of Tanner and Pelton (1960) and 
Stanhill (1969) given by Monteith (1973,p 86-90), the zero 
plane displacement (d) for both communities was calculated 
to be 0.08 cm. This means that the influence of wind was 
felt almost to the surface resultime in low air resistance 


to water, ena heat flux from the surtace. 


PRECIPITATION 

Precipitation at Cape Abernathy, King Christian Island, 
was comparable with that at other sites close to the polar ice 
pack (Alert, Isachsen and Mould Bay; Table 4). Fig 11 shows 
the seasonal distribution of precipitation and although there 
may be large errors in the data (see Methods), two points are 


clear. There was a greater amount. and a higher frequency of 
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Figure 9. Wind direction rose indicating the frequency (%) 
of winds from various directions at Cape Abernathy, 
King Christian Island (summers 1973 - 74). 
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Figure 10. Wind profiles during periods of moderate wind 
= eat 
speed (3-5 m sec”- @ 50 cm) at the Lichen-Moss- 
Rush (a) and Moss-Lichen-Rush (b) communities. 


Values are means © 95% confidence limits. 
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Figure 11.. Summer precipitation on King Christian Island 
(1973 - 75). Arrows mark the ends of the 
measurement period and values are water equivalent. 
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Precipitation in 1973 than in either.1974 or 1975 as mentioned 


before (Climatology) and there was a veriod of low precivita- 
tion just before and during snow-melt in 1974. This pveriod 
may correspond to the sunny, early spring period on Devon 
Island (Courtin and Labine 1976) but it occurred a month 
later. Observations were not sufficiently long-term however, 


to make generalizations. 


CONCLUSIONS 


In general, the summer climate of King Christian Island 
is typical of the North and Northwest Queen Elizabeth 
Islands as evidenced by the similarity to Alert, Isachsen 
and Mould Bay. All of these sites’are in close vroxinity 
Tortne volar Ace sack and it is Tel thav the thermal 
Pracient af the arctic tslands 1s irom this, 1ce pack tor ine 
southeast. All climates are characterized by cool tempera- 
ture , low precipitation, moderate wince sneed, high relative 


humidity and a high frequency of low clouds or fog. 


The two plant comnunities had similar above-ground 
microclimates except very close to the ground surface. The 
sinvilarity stems from both the limited size of the sites 
as it relates to fetch requirements, and the smooth surfaces 


that permitted turbulence almost to the surface tnus dis- 


sipating gradients of heat and moisture. 


The below-ground environments on the other hand, were 


quite different and the Moss-Lichen-Rush community was 
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cooler and more moist than the Lichen-Moss-Rush community 
for most of the growing season. By the time that the 
moisture conditions at the Moss-Lichen-Rush ameliorated 
the soil thermal regime, many of the plants had ceased 
growth and hence, the improved conditions may have very 


iitvle.biologsicalwsignificances 


The major reason for describing the microclimates 
of the two plant communities was to vermit expansion of 
plant physiological processes to ecologically meaningful 
relationships. Since microclimate is only one component 
of the holocoenotic environment, the implications of this 
eart of the study have been left until all components can 


be presented (see “cological Imvlications p 135). 
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ENERGY BUDGETS 


INTRODUCTION 


Studies of energy balance in arctic and alpine areas 
have been extremely rare even thoursn there have been many 
proponents “of the approach (Gates 1962, Hare and Ritchie 
bo7e, Hare 1975). “The rigorous conditions in these areas 
hamper the maintenance of the required complex instrumenta- 
tion resulting in the paucity of data. Energy budget studies 
have been carried out by Terjung et al. (1969) and LeDrew 
(17975) “in®alpine areas.iand by Weller et al. (1972), Haag and 
Bliss .(1974),eWeller and Holmgren (1974), Swath 1975) and 
Agdison (1976) in the Arctic. The energy budeet anpreach 
permits explanation of the thermal regime, one of the najor 
factors controlling plant growth in these rigorous environ- 


ments. 


METHODS AND MATERIALS 


The methods used to determine the radiation balance at 
the surface have been outlined above (see “icroclimatology 


pelo). 


Spectral quality of global radiation was determined under 
both clear land cloudy conditions with a Spectral Radiometer 
(B25.0:20. Model SR) at selected. times curing 1975.) ‘This 
instrument was also used to determine the svectral quality 


OC 'flopal radiation on a diurnal basis an the field and in 
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environmental growth chambers in the laboratory. In 
addition to spectral radiometer measurements, photosyn- 
thetically active radiation (PAR: 400 - 700 nm) was 
measured with a Quantum Sensor (Lambda Instruments Model 
LI-190SR) when photosynthetic and respiration rates were 


Getermined in 1975. 


Absorbed or net radiation (R) Caleibe Gdetaned as: tre 
difference between incoming and outgoing radiation (Equation 
3; Microclimatology p 21) or the sum of the non-radiative 


energy fluxes: 


a =~ LE+H+G+M (4) 


where L is the evens heat’ of vapourization (580 cal ¢ '@ 
20°C); BE, rate of water loss (g ome min7!); H, sensible 
heatPilux;l@,5soil héattfinxoand’M) plant’ métabolic°®enerey 
fluxenilvis usvuallgyuemalli(<-2%, vpReifgnyder andsLuli 1965) 
and because of sparse plant cover (5 - 15%), was ignored. 


The units of R,, H, G and M are cal em™* min), 


Water loss from each microsite was measured directly 
with sod blocks 8.25 cm in diameter and 11.5 cm deep. Sod 
blocks were positioned so that the top of the block was 
flush with the ground surface, and measurements were made 
by removing and weighing them on a triple-beam balance 
(= 0.1 g). The balance was housed in a vlastic shelter or 
a tent to permit accurate field measurements regardless of 


weather conditions. In the case of the vascular plant 
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ay 
microsites, sod blocks with dead plants were also weighed 
to permit separation of the evapnorational and transpirational 
components of evapotranspiration. Duplicate sod blocks were 
used in all cases and measurements were taken every 4 - 12 hr 
in the summer of 1973 and every 2 hr while plant physiological 


parameters were monitored in 1974 and 1975. 


Soil energy flux (G) was measured with Heat Flux Plates 
Oidcteton and Co.) placed ] cm bellow anc parallel to. the 
surface. These plates measured the rate of energy transfer 
through the soil beneath the Luzula, moss, lichen and bare 
soil microsites of both plant communities. Heat flux was 
assumed to be the same for all vascular plants. The outout 
from these plates was recorded on the Data Aquisition System 
at the Lichen-Moss-Rush community (10 min intervals) and on 
the Portable Striv Chart Recorder at the Moss-Lichen-Rush 
community (5 continuous minutes ver hour). Sensible heat 


flux (H) was determined from Equation 4 since all other 


variables were known. 


RESULTS AND DISCUSSION 


The major components of the radiation balance were the 
longwave fluxes (Table 8). Longwave incoming radiation 
contributed 68% of total incoming radiation; slightly more 


than on Devon Island (65%; Addison 1976). These values 


corresponded closely to theoretical calculations of longwave 


flux (69%) by Vowinchel and Orvig(1969). The empirical model 
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of Monteith (1973) estimated incoming longwave radiation 
that was essentially identical to the measured value (.443 


a 


Vet] Cal cm min~'). Estimates by the model of Geiger 


(1966) on the other hand, were about 18% lower than measured 


“min Leuethe high percentage contri- 


€.s56hLavs (441 calacm 
bution by longwave radiation to total incoming raciation in 
polar regions results from both the high incidence of low 
Clouds and the greater atmospheric pathway that decrease 


Bloba wecadfatiomeiry Reradiativeaatilux accounted for 74% of 


total incoming; only 4% was reflected and 22% was absorbed. 


No attempt was made to account for reflected longwave 
radiation since it was not possible to measure it with the 
instruments available. This means that the presented net 
radiation may be somewhat lower than actual. If the actual 


emissivity of the surface was 0.9 rather than 1.0 (assumed), 
C 


-] o/ 


hetiradiation. would be 0.447 ads -cmicn mime Pony 35 uhiten ers 
This magnitude of error is insignificant compared with the 


votential error in measurement (see Apnendix B). 


Photosynthetically active radiation (PAR; 400-700 nm) 
averaged 50.2% of global radiation (Re) based on measurements 
taken with the. spectroradiometer during the summer.of 1975. 

A linear regression between PAR (Quantum Sensor) and Rin 
(Albedometer) was deter:mined (PAR in uk m7- S5Cmn = 0.125 + 


1601.6. x Rp in. cal om7* ae =.998) and permitted an estimate 


of PAR from global radiation for the July 15 to August 14, 
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Table 8. Radiation regime of the Cave Abernathy region, King 
Christian Island. Values are averages from July 
Oy tO ie st 1 107s. 
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RADIATION RADI ATION, % INCOMING % GLOBAL 
cal cm min 

Incoming Cane: wave) 649 bie} ie ; 00 St ae 
Longwave (>2800 nm) e4hLO 68 
° Global (280-2800 nm) 2209 Se 100 
Reradiated (>2800 nm) 483 74 

Reflected (280-2800 nm) 02h ky 11 
Net. (all wave) ee 22 68 
Visible 

(400 ~ 700 nin)” hs 50 
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* Values are based upon Zo ah AO measurements in 
1975 and global measurements of 1974 (see text) 


the spectral quality oOfelobal rad@atiensa(Fie 12) was 
very similar to that inthe Oregon: alpine! (Curl -et lal.ad972) 
with a peak at 450 nm and a ravid decline from 550 to 750 nm. 
This is somewhat different than the srectrum on Devon Island 
where the decline from the reak at 475 nm was much less 
dramatic and there was a greater provortion of radiation in 
the longer wavelengths (550 - 750 nm); (Mayo et al. 1972). 
Both low sun angles (Fig 12) and cloud cover (Fig 13) resulted 
in a greater reduction in short wavelengths (450 - 600 nm) 
than in longer ones (600 - 750 nm) hence increasing the pro- 
portion of red and far red light under these conditions. A 
Similar shiit am.the proportionof bluesand red diitgnt hes 


been renorted from Devon Island (Mayo et al. 1976). The 
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Figure 12. Spectrum of global radiation at selected times 


on August’ 6, 1975. 


oar | ho ey © poe bo 7 fy a Ween i 


~ 


in. fe 
WALA Bee 
wlOS 580 +-——A, 


wo —— 


SOF Hib iipteliovrew 


A 


60 
e——-o9 Sunny 
iS 
% a= ECLOUdY 
HE 
G 40 
= 
pm © 
c 
<= 20 
Ate 
mes 
14°) 
o ae 
Ree NG ei eh 
0 PPS ear ae | hea piace aoe ek haan Sage 
4 6 8 10 live 14 
2 


Wavelength nm x 10 


Figure 13. Spectrum of global radiation at 1645 hr during 
Clear (July 2%, 12975) and cloudy (July 25,. 11975) 


conditions. 
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at 800, 1000, and 1200 nm similar to Devon but they were 


RuciaMoOne.wmronouncedc on King Christian, 


Teeri (1974) suggested that flowering of Saxifraga 
rivularis may be controlled by a shiftoin the red; to far 
red ratio (phytochrome response). Field measurements of 
Pe mogiar rec ratios (1.2 - 1.5) on¥eine Chiristiangisland 
corresponded to those-—on Devon tIsland .(1.1.--.1.8).Mayo 
et al. 1976) and there was no shift during the three week 
period of measurement (Table 9). There was also no measure- 
Sere snire iy rea’ to fartireu ratio with tine or aay (Table 
TO). “Since the’ measurement of red’ to far*red» ratios: spanned 
the time when vascular vlants commenced die back in the 
fvela, it is unlikely that the classical 660 = 730 reaction 
of phytochrome is involved as a mechanism in biological 
timing. It may be however, that’ the dramatic reduction’ in 
blue Tight résults in’a "physiological night’ that has’ the 
same influence as Biebl (1967) showed for short days (Mayo 


pers. comm.). 


Mehie OinRedto far\ ned matios: atgisel ected, times) cdurang the 
summer of 1975. 


DATE Ms SKY CONDIZ Tel RED PO er ae eae 
660:730 nm 
July Thee 1700 Clear lve 29 
July 17 1700 Clear Veoo 
July 20 1200 Clear nse 
July 23 1709 Clear 1.20 
July 2h 1700 Clear Wes 
July 25 1700 Overcast eee 
July 31 0800 Clear Weel 


Aug. 6 1700 Clear 10350 
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Table 10. Diurnal variations in red to far red ratio under 
clear sey Conditions (Aue 6 and 7. 1975). 
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0300 1.26 1600 1.2h 
0900 ey aS) 17700 1.30 
TOO0 Ae) 1300 Wa29g 
1100 1.30 1900 ees 
1200 131 29009 hoe 
ewe i.Do 2200 Ve2s 
14.00 1.50 0999 WZ 
1500 TsO 


eet ern 


ee RR RNR Ee a 


Calculated net radiation of all microsites of the Lichen- 
Moss-Rush community was higher than ‘nicrosites in the Moss- 
Lichen-Rush community (Table 11). The difference stems from 
both greater reflectivity and greater reradiation by the Moss- 
Lichen-Rush community. Greater reflectivity annears to be 
related to the presence of surface water and after rain, when 
surface water was present at both sites, reflected radiation 
was -tne same. The Moss-Lichen-Rush community reradiated 
more energy than the Lichen-“oss-Rush community (0.49 vs Osh 
cal cm7* min’) because of the hirher surface temverature 
ee Jae. sig EAN A Differences in Re amone the microsites at 
each, cite apoeared to.result. from surface temperature difter- 


ences «ince reflection from all parts of cach site was assumed 


Lo, be) ieentacal. 


Latent heat flux was the same at both sites even though 
one site (Moss-Lichen-Rush) had surface water present for most 


Obutheesssaconancecue other did mol. > Uhewmns luencs (of surrace 


conditions on water loss (§) was quantified by calculatines 
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Table 11. Net radiation and its components of microsites 
at each of the two plant communities. Values are 
averages irom ouly 15 to Ausust 4 1975.and units 


—_ @ Zz 
for enerey fiuxes-are-cal cm ~ man . 


mgroruermpert = 


er ee 


SITE MICROSITE Rn LE H G TEMPERATUSE 
LUZULA RT, HOD, a alll doy O06 2.60 
ee ILA 87 OAM Aleo. OG BAS 
-MOSS  SAXIFRAGA .149 Aa agen mele orate B56 
PpU Sine sSvogs Bian voszip st goe es OTe 4.13 
LICHENS £149 SOlih ACC RE. 22 Hs 
BARE SOIL  .150 PONS) OR oe Oee wes 
ENTIRE SITE 148 “O53. 2091 4009 3.51 
LUZULA 5839 £G9 LO 7G .020 aie ie 
POTENTILLA .14% SOROS GR oSR On BG 
eet MOSS Riis 5039;4 20870 1010 ean 
-RUSH LICHENS 134 Nomi Roeianenesl 4.99 
BARE SOIL 140 O48. 2667) .025 4.09 
ENTIRE SITE L136 JOS Leenweno i 1 


see ee A I EOS ESE SEID OES ED OPED STEP I SERIA PCO EEN INTIS LLG CTCL SOTTO OCLC ECL SCLC Ne 


ee Mee ee ae ee en. pay ae 


bo, 


| seauedeliioas' e wn 
pan pow isy Lose 
2+ ine ‘haw OYRT at, Peer 


eee 


» > Sent 


the resistance (R) that the surface imvoses on the flux 


(Mometeon, ot Sleatven 1967,00 27). 


eee nae (5) 
Py R 
W 


where P ds atmospheric pressure;.T, air temoerature See 
density of water vapour (¢ cm?) and eg and . the vavour 
PEresure Oo Water at the surface and in the @ir- respectively. 
All pressures are in mm Hg. The resistance to water loss 

Pome Lerierosi tes was’ Oao/7. Sec em! for the Lichen-Moss- 

Rien and. 0. 56 sec cm”! for the Moss-Lichen-Rush. Based on 

the mean wind speed for the vneriod (4.1 m sec” !) and using 

the relationship of resistance versus boundary layer tnick- 
ness (Slatyer 1967, p 248), the resistance to water flux of 
both sites represented a boundary layer thickness of 0.09 cm. 
This value corresponds closely with the zero plane displace- 
ment of the canopies (0.08 cm) as given by the wind profile 
measurements (see Microclimatology p 42) and hence, both 
surfaces resvond like freely evavorating water at tne base 
Gtatoeucenouy. ,lhere was little or no “curiace Crying aince 
that would have increased tne resistance substantially. It 
aovears therefore, that the low latent neat flux (i.e. 27% 

of ey) was caused by the very shallow vapour vressure sradient 


between surface and air because of cool temperature and nigh 


relative humidity. 


The resistance of the earth's boundary layer to sensible 


heat flux (R,) was also calculated using the method of Slatyer 
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(1967, p 243) and estimates of H determined from Fquation 4. 
Ry was 0.20 and 0.16 sec cm7! for the Lichen-Moss-Rush and 
the Moss-Lichen-Rush communities resvectively. It appears 
imerezore, that tne fluxes of both heat and water arevnear 
maximum for the gradient wvresent because of the smooth sur- 


faces that have thin boundary layers and hence, low resistance 


Oe Li. 


The major difference among the microsites at each 
Srveeyas fim soil heat ¢lux GG). Vascular olant wand moss 
microsites of the Lichen-Moss-Rush community significantly 
reduced G as compared with lichen and bare soil microsites 
(p<.05, Student-Newman-Keuls test; Sokal and Rohlf 1969, 
wees) .. it as likely that’ buildup of *surtace (organic matver 
o 


at vascular plant and moss microsites was responsible for 


Pre reduction of Gs 


At the Moss-Lichen-Rush site, vascular plants and bare 
soil microsites had significantly greater soil heat fluxes than 
Sitnero or the two non-vaccu lar) plant Microsites p05). 
it ae felt: that this may be related: to soll motcture conditions 
rather than organic matter buildup but it was not nossible to 


distinguish betveen the two. 


In general, soil heat flux of the Lichen-Moss— 
Rush community was greater than that of the “oss-Lichen- 
Rush community mainly owing to a higher percentage cover 


of bare soil that had the greatest G of all microsites. 
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Only the vascular plant microsites showed a significant 
difference between sites (p<.05) but no explanation for 


this difference was vossible with the data collected. 


Net radiation «RD and its components for several 
arctic and alpine sites are presented in Table 12. It was 
not vossible to make specific comparisons of sea between sites 
because Ry is controlled by the radiation regime which in 
turn depends on type of year and local climatic conditions. 


In general however, R, of the King Christian Island site was 


n 
quite similar to monthly means of other arctic areas. The 
data of Addison (1976) and Terjung et al. (1969) show that 
specific climatic conditions on relatively few days tay 
result in net radiation values that are not necessarily 
typical of the summer period. Although plant survival and 
growth appear to be controlled more by summer rather than 
winter conditdons GBillianes 1074),o1it is thementine yearly 
radiation budget that can be correlated with the boundaries 
Ooflvegevation formations (Hare and Ritchie 1972). This 
means that even though sumsertime radiation balance studies 
areluseful) fom determining the srowines teonditioms of tplants; 
yearly studies such as those of Wendler (1971) and Courtin 
and Labine (1976) are necessary in order to understand 


overall climate and hence aid in an explanation of plant 


Gistri butions 


Latent heat flux appears to be controlled by 


availability of surface water in all but) the present study 
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where low air temperatures and high relative humidities vre- 
Vatled...the proxbmitysof the volar ice pack. andthe. general 
eit. OW trom ice »nack to King Christian Island, appears. to be 
the dominant feature in maintaining the low temperature and 


high relative humidity. 


Soil, heat flux, (G) of most sites dissipated 8 -. 12% of 
RL and surprisingly, avveared to be rather indevendent of 
the tyne of vegetative cover. It is avvreciated however, 
that total removal of vegetative cover results in a greater 
G and hence, greater active layer devth (Haag and Bliss 1974, 


Pi Wo 75). pRhemovel of .vertetation.ab.this sites nereased 


eetave bayer ceuta by. 9vcm an 197h (55 cu.vs, 46 semicontrol) . 


Because of, great Variability amone the sites, and the 
limited number of energy budget studies, no comparison 


between arctic and alpine sites was vossible. 


CONCLUSIONS 


Longwave radiation fluxes were the major components 
of the surface radiation balance and can be accurately 
estimated if the surface and air (1.5 m) temneratures are 
known. Net radiation was 22% of total incoming or 68% of 


plobal radiation and in general, was comparable with other 
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Ihe-components of net radiation for a month period in 
mid-summer were LE (27%), H (62%) and G (11%). The low LE 
term appears to result from near-surface atmospheric condi- 
tions (low temperature and high relative humidity). There 
was little resistance to water flux because of both the smooth 
community surface (i.e. thin turbulent boundary layer) and the 
heen Moisture concitions in the upper soil layers. Soil heat 
flux was greater for non-vegetated surfaces than for vegetated 
of 


ones and removal of surface vegetation resulted in a 19% greater 


active layer thaw. 


Red to far red ratios were relatively constant 
(e124) during the tine when vascular! plants started 
winter preparation (die-back or leaf colouration). This 
suggests that the classical 660-730 reaction of phytochrome 
Ve nov anvolveda in controlling the Jength.of tne growing 
season. Shifts tin blue light may be important at this 
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SOILS 


INTRODUCTION 


Recent work on arctic soils has involved mainly classi- 
fication (Tedrow 1966, C.S.S.C. 1973), manving (Tedrow et al. 
1968, Walker and Peters 1976) or soil pedogenic processes 
(Tedrow and Brown 1962, Retzer 1965). In addition, many 
studies have used generalized climatic, vegetational or 
topograghic features to delimit soils in Polar Desert and 
Polar Semi-desert areas (Charlier 1969, Bovis and Barry 1974). 
Since *the present’ study had a botanical frame of reference, 
Sn yea lLImrted amount Of i sorl work Was-+attemnved to -1y"deascrmbe 
tho sory im SurPtici ent detatl Pte Shernit-classi Picarvon \and 
Comparaison withother hi en arctic’ sites “and?2) \describée sthe 
somlYmnorsture regime ~in “the -lient-+of ‘requarements "for “plant 


erowth. 


The soil thermal regime has been discussed above (‘Micro- 


elamatokosy p 34) and for nutrient analyses see Bell (1975). 


METHODS AND MATERTALS 


Opservations from 6. s0il pDits.due at eacheor the two 


Tit 


plant comnunities followed the categories as outlined in The 
S¥Yevemno: 6011 Classification for Canaca CO ee al on Wry oe bs 
Soil texture was determined using the hygrometer technique 


for the sand, silt and clay fractions (Bouyoucos 1951). 


In 1973, soil water potential was monitored with soil 


psychrometers (Wescor Inc.) but owing to cold and moist soils 
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66 
and very steep thermal gradients in the upper part of the soil 
(see Microclimatology p. 44), ieee ne Paited, to) yierd 
reliable results. Soil water content was determined gravi- 
movcieally on a weekly basis in 1974 and 1975. wdetaited 
measurements of soil moisture (4 hourly) were also taken 
during the periods when plant vhysiological vrocesses were 
monitored. In all cases, duvlicate sanples were taken at 


ge end, lO ~< sl Sch depths and all samelec vere dried at 


aporoximately 80°C for ey - 48 hr. 


In order to convert soil moisture (gravimetric method) 
to soil matric potential, water retention curves of the<2 mm 
fraction were determined. A pressure vlate apparatus (Soil 
MoletGben) Jac ised end. cok] watenucontent at, [Atel aneb, 
%..and 15 bars was determined gravimetrically. Water retention 
curves were determined for soils at 4 Jocations and at 4 


denthns (0-5, 5-10, 10-15, and 15-20 cm) at each site. 
PeolulT So. AND DISCUSSION 


Soirl vedons from bovn Une Lichen—Moss-kusteand sine oss— 
Lichen-Rush communities were morvhologically identical and 
had no horizonation. The area was very gently sloping, gsullied 
Jeng tel) that was amperiectly to poorly drainec. = Only a "Cc" 
horizon (undifferentiated parent material) was vresent and it 
was very dark grayish brown (2.5 Y 3/2 m) or grayish brown 
(2S 9572 dys very Tine sandy Loam; amoronous; Triable; very 

< 


fine, random roots; abundant, very fine random cores; 45 cm 


thick; pH 6.0. There was an abrupt, smooth boundary at ca. 
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45 cm to the "Cz" horizon. Pawluk and Brewer Gi975)) indicated 
that the soils of the area had some development based on micro- 
morphological and analytical characteristics, and suggested 
that they should not be considered regosolic. Following the 
pedon concept (Soil Survey Staff 1960) as svecified for 
northern soils (C.S.S.C. 1973) and based on profilé morvhology, 
the soil was considered regosolic. The soil therefore, was a 
RECOsOries Sbaitic ~Gryosol (C-S0S.C. 4075) or a Peretilic 
Cryaquent, (Soil Survey Staff 1967). The soil was quite 
similar to many that have been described from other Polar 
Desert and Polar Semi-desert areas (Tedrow et al. 1968, 


Tedrow 1970, Cruickshank 1971, Walker and Peters 1976). 


Soil moisture (0-5 cm) of. both sites ranged from 15%:-to 
25% of oven dry weight throughout the sumaers of 1974 and 
1975 (Fig 14) and there was a slight decline as the season 
progressed. Water content at the Lichen-Moss-rush community 
was higher in'1975 than in 1974 and it anpears that.this)was 
linked *to frequency of precipitation rather than total amount 
(Fig 11). Based on this, it follows that soil moisture in 
1974 would have been intermediate to the two years presented. 
The similarity between the years at the Moss-Licnen-kush 
community stenus from poor drainage. All values of water 
content during 1974 and 1975 were either above or close to 
field carecity (1/3 bars; Fig "15)." Soil moisture below 5 cm 
was above field canacity throughout the sumer season and 


followed the same vattern as the 0-5 cm denth. 
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Figure 14. Soil moisture (0-5 cm) of the Moss-Lichen-Rush 
(a) and Lichen-“oss-Rush (b) communities during 
the summers of 1974 and 1975. Values are 
averages of 4 measurements. 
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Fisure 15. Water retention curves for soils (0-5 em) trom 
the Moss-Lichen-Rush (a) and Lichen-Moss-Rush 


(b) communities. Means + 95% confidence limits. 
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Altnougsh water content at the Lichen-Moss-Rush community 
was lower than that at the “oss-Lichen-Rush comunity, the 
Values represent similar soil water votentials (Fig 15) and 
the sites had essentially identical water regimes from a 
biological point of view. The difference between water 
Deven liom curves Of whe two soils resulted trom differences 
fu cewit and clay fractions (Table 13) rathersthan-citterences 
in Organic mattermcontent (see Bell 1975). ‘The Moss-Lichen- 
Rush soil had a higher percentage of silt and clay and hence, 
held more water than the Lichen-Moss-Rush soil at all vressures 
Ueeelo). There were no significant differences inscitwer 
Pombacie, 6176 distribution orywater iretention belweenssarpling 
locations or between samvling depths and hence, all measure- 
ments at each site were clumped. 
tape 15. Particle size of soils irom two plant communivies 


on Kins Christian sland. Alsowvaluce) are in 
percent = 95% confidence limits. 
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CONCLUSIONS 


As with all sections under the broad heading of ‘'nviron- 
ment , the major conclusions must await vresentation of plant 
physiological information and nence, only a few generalizations 


may be nade here. 
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The soils of Cape Abernathy area on King Christian Island 
were Regosolic Static Cryosols that had no morphological 


modification of the profile. 


soil moisture was above field capacity at both sites for 
most of the growing season indicating that water snould not 


Dew err pineractor"for plant erowth “at ertner= site. 
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PLANT CHARACTERISTICS 


INTRODUCTION 


Luzula confusa is a circumpolar arctic-alpine rush 


that is both widespread and common throughout the North 


bAmeriGan, Arctic....dn, the Canadian Arctic Archipelago, 


Luzula confusa occurs on almost all of the larger islands 


(Porsild 1955). The habitat of Luzula includes some of 
the most rigorous arctic environments, and the species 
appears to be among the hardiest and most typically high 
reir c Of ual plante Crolunim 1945)2. On vine Chnuetai an 
Island, the greatest plant cover occurs in a narrow band 
about, 1.5 Km wide, 1, Km from the coast... Luzula contusa 
was a major component of this vegetation (see Plant 


Communities p 10; Bell 1975). 


METHODS AND MATERIALS 


Observations of several characteristics that may 
aid in the survival of Luzula confusa were made both 
Gn kine Christian island and in (the Paborarony en 
plants, approximately 15 cm in diameter, were collected 
on. Kine Christian Island and examined in Getail. to esti-= 


mate number of leaves produced, average age of tillers, 


plant Aee, and structure of, above- and belowground com— 
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ponents. The speed of growth initiation in the spring was 


determined by comparing the average length of green 
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material (cm) with the average deoth of the active layer 


(cm) for approximately 60 plants during snow-melt. 


Five cores (28 em> X 15 cm deep) were taken at the peak 
of the growing season (early August) to determine the various 
biomass components of the plant (standing dead, aboveground 
live, rhizomes, and roots at several depths). Cores were 
divided into 6 parts at depths of +4, +2, 0, <1, -5, -10 
and -15 cm. Most divisions were based on plant characteris- 
tics: +4 cm represented the top of the vegetative canovy; +2 
cm, top of the moss layer; O cm, moss-mineral soil interface and 
-]| cm, maximum penetration of rhizomes. Other divisions at 
-5, -10 and -15 cm were arbitrary and coincided with the 


positions of soil moisture and temperature measurements. 
RESULTS AND DISCUSSION 


GROWTH FORM 

Most Luzula confusa plants in the Polar Semi-desert 
area. of “ine Christian [Island were 1.00) 50 cm anwdiamerer 
and approximately 4 cm high. Moss grew between the tillers 
andeformea a Gat about 2¢ Cm thick. The réesubvany erowen 
form was tufted and extended only slightly above the surface. 
Since temveratures are hirher near the soil surface (see 
Climatolorsy and Microclimatology p Che and since arctic 
plant growth avpears to be limited mainly by low sumzer 
temperatures (Billings 1974, Tieszen 1972), the srowth form 


of Luzula may be an imvortant plant characteristic permitting 
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survival and growth in the King Christian Island environment. 
The importance of a low growth form, tightly apressed to the 
soil surface has been described in detail in relation to 
arcire and alpine: cushion plant survival (Heilborn 1925, 
ppomern 1964, Bliss) 1971. Corbet. 1972, Addison 1976)... The 
persistence of dead leaves in their upright vosition may 
also be of imoortance in imoroving the thermal regime. 

these leaves act as a windbreak, increasing the zero plane 
displacement, decreasing convective heat flux and resulting 
in higher leaf temperatures. The tufted nature of Luzula 
may also be important in trapping snow and nence, providing 


preater winter vrotection and more moisture in the epring. 
AGE 


mdivrcuay Uivlers of Luvzulavprocuced 14. > a Too rinean 
= 95% confidence limits) leaves during their life snan. 
Bach tiller had 4 leaves vresent during the growing season 
but since each leaf lived for 2 years, yearly leaf production 
Waa ceteaves ocr tiller. this Cet tmare Ts voemice. cole 
production of Luzula nivalis on King Christian Island (Bell 
1975) and of Luzula confusa on Greenland (Sgrenson 1941). 
Assuming that two leaves were vroduced yearly, the average 
life span of a tiller was about 7 years. This corresponds 
closely with age estimates of Luzula confusa tillers on 


Greenland (Sfgrenson 19/41). 


The age of entire plants was estimated in two ways. On 


a rhizome, initiation of a new tiller occurred when the 
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youngest tiller was approximately 3 to 4 years old. Since 
tie lite, expectancy, ofia +2 Wer), was- about, 7 years, ttwo tillers 
were alive at all times if no vremature death occurred. On 
the plants examined, only 25% of the tillers were alive and 


plant age was calculated from Equation 6. 


ele ee oe : (6y 


where RT is the replacement time (ca. 43.5 years). This 
resulted in an estimated plant age of about 30 years. 

Rhizome branching however, results in an underestimate of 

age both because of the potential time lag involved in branch- 
Poo anaecie Increase in the tratio “or Aivine to voval™ti tiers, 
A @rhizome that has two branches will have’4’ rather thane 
Tiere alavienat -any’one “time. “Since rhizome branching 
occurred frequently, 40 years must be considered as the 


minimum possible age of the vlants examined. 


Plant age was also estimated by multivlying the 

number of tillers in a row along the longest rhizome branch 
by the replacement time (ca. 3.5 years). The average number 
Or eriiers’in-a row was 52. 5 = 5.6 which resulted in plant 
age estimates from 94 to 132 years. It is felt that this 
latter estimate was more realistic and that the plants used 
for both field and laboratory exveriments were anproximately 
110 years of age. Plant age is an important factor when the 


long-term effects of environmental factors are considered. 
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REPRODUCTION 


pexual reproduction of Luzula confusa on King Christian 
Island appears to be limited by the physical environment and, 
in fact, no viable seed was produced during the three years 
of study (Bell 1975). The plant relies heavily on vegetative 
reproduction and new tillers are produced every 4 to 4 years. 
It is not until the seventh year that a tiller flowers and 
dies. Even flowering may have a greater imnact on vegetative 
reproduction than on sexual reproduction since rhizome branch- 
ing appears to occur either more frequently or exclusively 
at the point of attachment of flowering tillers. The shift 
from leaf to floral meristem may reduce apical dominance and 
permit growth of lateral buds on the rhizome. Rhizome branch- 
ing however, does not occur with each flowering. The observa-~ 
tions of Luzula support the generalization that under environ- 
mental stress, sexual reproduction is less important than 


asexual reproduction (Bliss 1977, Savile 1972). 


Luzula confusa seeds did not mature fully in any of the 
three study years (Bell 1975). It is expected that mature 
seeds may be dormant owing to an inhibitor in the seed coat 
(Bell 1975) similar to that revorted for L. spicata and L. 
parviflora in the Alvine (Bell and Amen 1970). In general, 
seed dormancy is relatively rare in arctic and alpnine svecies 
(Billings 1974) but it may be this dormancy that contributes 
to the success of the snecies that possess this characteristic 


(Amen 1966, Bliss 1971, Billings 1974). 
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Seedling establishment in arctic and alpine areas 
appears to be controlled mainly by temperature, growing 
season length and water availability (Billings 1974). 
Although no seedlings of Luzula were found, the position of 
the plant's rhizome gave an indication of how establishment 
may have occurred. Rhizomes were found along the interface 
between a moss layer and.the mineral..soil «, This sugeests 
that the moss was there before the plant invaded and may 
have acted as a seedbed for it. Otherwise, rhizomes would 
be below the surface of the mineral soil. In revegetation 
studies on King Christian Island, a moss substrate sub- 
stantially decreased mortality of several native species 
(Addison and Bell 1976). Mosses therefore, appear to 
provide a much more suitable environment for seedling 
growth than mineral soil because they provide a substantial 
water supply, higher temperatures (see Energy Budgets p 58), 
winter en teat on from desiccation and mechanical abrasion 
and little resistance to the penetration of roots. In the 
rigorous environment of King Christian Island, a moss | 
seedbed may be not only beneficial but essential to the 
survival of -Luzula confusa seedlings.and those. of, other 


vascular species. 
GROWTH 


Rapid growth initiation in spring is .an, impertant 


characteristic of arctic plants since it permits full 
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utilization of the short growing season and enhances survival 
gue ne rigorous arctic environment (Bliss 1971, Savile 7972. 
Billings 9 97g; Tieszen and Vieland 1975). The perennial 
nature of Luzula confusa with its large rhizome and winter- 
green leaf bases, permits the plant to commence growth almost 
immediately uvon snow-nelt. Measurements of active layer 
depth and green leaf length in the svring indicated that leaf 
expansion commenced when the active layer was less than 6 cm 
thick. On King Christian Island, the soil thawed 4.9 

~ 1.2 cm on the first day after snow-melt and it apnears 
Vierefore that iuzula nequired less thay two vsnow=free days 
to commence growth. This speed of spring initiation compares 


Close] yiwithrarcvi cyeraminowds iat | Barrow,s Alaskan Meszen 


197 20c6 


Luzula has a periodic growth vattern (Sgrenson 1941) and 
om King Christian Island, leaves started to go dormant 45 to 50 
days after the initiatiom of growth. Bell (1975) found that 
root: growth, of Luzula confusa dropped to almost zero ‘between 
Gand 7 weeks after snow-melt ain 1974. It avnnears therefore, 
that fall colouration of leaves is a reasonable indication 
of whole-plant senescence. This contrasts with Carex stans 
in wet sedge-moss meadows (Devon Island) where root growth 
continued two weeks after leaf senescence (Muc 1976). Periodic 
growth vrovides insurance against winter injury but sacrifices 


the opportunity for extensive growth in a favourable season 


(Savane ©6972 i 
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BIOMASS : 


Only 5.8% om the dhassdininawcoutss of Luzula confusa 
was alive (Table 14) and hence, it was the standinz dead 
nav verratthat gave the planter thre-character tetice—turted 
appearance. The adaptive significance of this growth form 
has been ee een previously (see Growth Form p 73). 
Although the aboveground biomass was separated into living 
and dead components, the belowground biomass was not (Table 
14), and hence, it was not vossible to determine the living 
mocwneas shoot ratlo of Ane planodirectly. “Wwo ancinect 
estimates of root to shoot ratio were made: the first using 
total aboveground and belowground biomass and the second, 
by assuming that the living to dead ratio was the same both 
above and below ground. lLuzula had an estimated belowground 
to aboveground watt Tord 0.3870 -andifan le stitiaeted Wive root "to 
shoot ratio of 0.39. These estimates are quite close to 
Vive: root to shoot haticos of 1o.Kine Christian. Pelandgeriany 
epeciess(O.} to 1.03. Bell. 1975) “and for aseveralvotner Tolar 
Semi-desert areas (0.2-to 0.7; Khodachek 1969, Aleksandrova 
1,970.,.. Svoboda.1973)..._The..low.noot.to..shoot_ratios.in-Polar 
Semi-desert areis appears to result from a very hostile 
sOitsenvironment, (Bliss etral. 1975, Bell.19759). 

Most of the root biomass of Luzula (60%) was in the ton 
5 “cm of the soil (Table 15) even though the active layer 
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Table 14. Biomass commonents of Lugula confusa on King 
Christian Island ( mean = 95% confidence limits), 
Area is based on the cover of Luzula of the Lichen- 
Moss-Rush Community. 
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many low arctic sites where some sedge and grass roots have 
been shown to penetrate to the vermafrost table (Bliss 

1956, Billings and Shaver 1972). Luzula roots appear to be 
concentrated in the most favourable thermal environment in 
the soil; emphasizing the imvortance of temperature in this 
Deed arctic site. Having the, bulk sof the rootesystem in the 
warmest soil environment would also enhance water uvtake be- 
cause of increased membrane permeability and nutrient avail- 
Se oiiity as a result of hicher decomvosition rates. Bliss 
eu pi. 1975) indicated that low soil: temperatures. were.more 


important than permafrost in reducing the extent of root 
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there were essentially no roots of 


No real comnarison can be made of Luzula biomass with 
total vascular plant biomass of .other Polar Semi-desert 
areas since tne whole plant community was not samoled. 
Bliss and Svoboda (1977a) however, revorted a live vascular 
plant biomass of 9 g m7> in an adjacent area on King 
Christian ee This value is the Lowest Jive biomass 
estimate from any Polar Desert or Polar Semi-desert area 
reported (Bliss and Svoboda 1977b). The community samoled 
by Bliss and Svoboda (1977a) and the Lichen-Moss-Rush co:nsun- 
ity apveared to have similar standing crops (visually). 
Assuming this, Luzgula confusa accounted for 15% of the live 


Vascular plant biomass while covering only 1.4% of the area. 


It avvears therefore, that on the basis of biomass, Luzula 


confusa is much more important than its cover would indicate. 
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WATER RELATIONS 


INTRODUCTION 


Most of the Arctic receives less than 250mm of vrecipi- 
tation annually, and. since most falls as snow during the 
period when plants are not active (Thompson 1967), water is 
Povetiaal ly sa.crhical<tacter) ing the. survivaleof arctic plants. 
Late summer drought has been observed at several arctic sites 
where a deev active layer rermits ravid surface drainagre 
(Bliss 1956, Weller et al. 1972, Teeri 1973, Addison 1976). 
The role of water as related to arctic plant survival and 
functioning has been reviewed from both ecological (Bliss 
Po7se Bll lines O74 Lewis end. Cal loehane 1907) ang whysio- 


logical, (Courtinsand Mayo 1975) viewpoints. 


Water on King Christaam Island dig nollanpear Lopbpe 2 
Mimitine factor for, plenty survivaleduringwany @i, ihe wires 
years of this study (see Energy Budget p 59) but since tnany 
individuals of Luzula confusa had estimated ages of about 
110 years (Plant Characteristics p 74), they may have bee 
exnosed to a few exceptionally dry years...) Drought,,-therefore, 
could. be of critical imvortance in the survival, of tne. snecies 


Je Liae ores. 


The aims of this portion.of the study were 1) to quantify 


the water regime of the soil-plant~-atmosvhere continuum in the 
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field and 2) to estimate the Capabilities of Iuzula confusa 


TO withetend water dericit. 
MEVEODS AND MATERIALS 
Field and laboratory water regime 


Leaf water eee a Genray of Luzula was determined with 
a chamber psychrometer constructed after the design of j‘ayo 
(1974) and using a Yescor Psychrometric “Microvoltmeter (Model 
MJ~55). Entire tillers of Luzula were collected in the field, 
sealed in aluminum envelopes and transvorted to the field 
laboratory where they were cut into 0.5 cm lengths and sealed 
in chamber psychrometers. Jess than 5 min elansed between 

the collection of tissue and insertion into the vsychromcters. 
The chambers were placed in a water bath to vorevent the esta- 
Hitehment of thermal gradients’ im the ssychromever body; and 
V was measured with the Wescor meter after a 2 hr equilibra- 
Dion tame. The equilibration time was Cetermined experiment — 
ally by measuring WY of 20 tissue samples every 15 min until 
there was less than a 10% increase in Y ver hour. “Pseycuro=— 
meters were calibrated monthly with KCl solutions of knovn 
osmotic votentials. In all cases, the tillers used for water 
potential measurements were collected from the centre: of 

the plant. This position was selected both to standardize 
technioue and to obtain a representative Vy value for 


the clump as a whole. The water potential of a 
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central tiller was usually within 1 bar of the average 
Oo tillers at the 4 cardinal points (i.e. N, S; BE and W) and 
was always within the range given by the 95% confidence limits 


(Taple 16). 


Table 16. Leaf water votential(bars) from various parts of a 
Tuzula plant during -a‘day with moderately Wizh 
iricolation . (uly 2S Lovin. 
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QswouLe plus) matric yoeential (het) was determined with 
Chamber psychrometers after freezing the tissue to break the 
cell membranes and hence, reducing turgor to zero. In the 
field, liquid propane (-40°C) was used to freeze the tissue 
whereas in the laboratory, liquid nitrogen (- 196°C) was used. 
Since both ¥, and (},+%) were determined for each tissue sample, 


turgor potential (¥) could be calculated from Equation 7%. 


Yo = - Girth) (7) 
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Atmospheric humidity was measured with a hyerothermo- 
eravh (See Microclimatology p 19) and the water flux from 
plant to atmosphere was monitored with sod blocks (see 
Energy Budgets p49). Live Luzula leaves were harvested 
from the sod blocks when they were revlaced every two weeks. 
The leaves were dried at 80°C for Pu hr. Leaf -4améa was 
determined using..a linear regression of area versus oven 
dry weight (leaf area in om= = -4.0701 + 399.28 x oven 
weight in grams; r = 0.89). Leaf area for the regression 
was determined by the Ballotini glass bead technicue 


Giiconveon anc Leyton 1971). 


ine the tlaboratvory, We Cee ee and ¥, were determined 
gealy during a 7:6 day growing period. All plants used an 
Peaporatory experiments were collecteq in the field at tae 
ence oo ihe erowing Beason, wotLea. Wilt thelr mative cont and 
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Conditions =nomm in Pig 16. Air tednerature raneces rrom 
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Figure 16. Growing conditions in the grow 


chambers used for all plants involved in 


laboratory experinents. 
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Physiological response to water deficit 


The resistance that Luzula leaves imrosed on water flux 
was calculated for neriods wnen the plant showed siens of 
water deficit (i.e. %<1 bar) in order to estimate the 
Vayopiilaty of the plant to witheuand drotient.. The total 


resistance of the water transfer pathway from leaf to air 


miig 17) was calctttated from Equation 5 (p 59) and then the resist. 


ance owing to the laminar boundary layer of the leaves and 


the canopy was calculated and subtracted from the total. 


The sum of boundary layer and canopy resistances was 
calculated by combining tne heat transfer eauation of Raschke 
(1260) witht the ratio of She diffusivities of water vapour 


erogueat insair (Slatyer 1967) anto Sauation >. 


1.82 co(T, - T,) (8) 
gi ar Gee 3] 


where r, is the resistance of the boundary layer and canopy 
, or ne ee cee 
tOlwater Vavour transter Csec cm); Cc) ispeci tic mest ot air 


’ 


(cal: a! Tg ger density of air (g om): Dyed “Des 


temperature (0) of leaf and alr respectively, snc H, seneible 
heat flux (cal cm* sec’ !) calculated from Equation 4. The 
assumption that sensible heat flux was equal from both leaf 
surfaces whereas water loss was from only the one surface 
that had stomata has also been incorvorated into “quation é. 
Because of the methods used, the possible error Bae is 


extremely large (Appendix B). 
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AIR 


Figure 17. Diagramatic representation of the resistances 
to water vapour transfer from leaf to atmosphere. 
oe - boundary layer and canopy rt is leaf 
ree ancerce. ilar cuace ry ~ stomatal 
re - mesophyll Peat cuticle 
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eince the resistance of. the intercellular, spaces (rs); 
mesovhyll Ce) and: cutie Le Come, are. usied lope edadand ley 
constant (Slatyer 1967), it follows that changes in leaf 
resistance oe, were caused by changes in stomatal averature 


(r5)5 the biological control,.of .water.lLoss. 


The response of the stomata to decreasing water content 
wwe t ion of the elacticaty of the cel de wad des 
(Warren Wilson 1967), and in order to estimate this elas- 
ticity, the resvonse of leaf water potential and its 
components to decreasing relative water content (RWC) was 
determined for entire Luzula tillers. Experiments were 
conducted under laboratory conditions at two vlant vhenolog- 
ical stages (i.e. preflowering and during die-back). Relative 


ay 


Waterncontenti.was calculated. from Eevation. 9. (6ietyer. 1967). 


RWC = 100 ——— (9) 


iH et 
CW, "We 


where We is the fresh weight; Wes turgid weignt, and ic 


dry weight. 


Entire plants were well watered and enclosed in plastic 
bags for 24 hr in order to maximize both 4 and RWC... Liowas 
assumed that all tillers of one plant enclosed for the 24 hr 
period had the same RiiC and ¥, - The relative water content 


of the plant as a whole was estimated by measuring RWC of 4 
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entire, non-flowering tillers. These tillers were weighed 
(Weds floated on distilled water for 4 hr and reweished (CW, ) 


before they were dried at 80°C for 2h hr (W Other tillers 


le 
from the same plant were detached, weighed and allowed to 
lose known amounts of water before being transferred to 
Chamber psychrometers. Water loss from detached tillers was 
necessary to vrovide a range of RWC, ¥Y , % +h and}, . Water 
potential, its components and oven dry weight were determined 
as described above. Relative water content was calculated 
Pom moat ion 9 ands making the vcormection™ in We based on the 
amount of water ver gram CMs i that the tillers Picated on 


water had absorbed. The average RWC obtained after sealing 


the entire plant’ for ‘24 hr ‘was lgreater Uman Oo ty tal Inpoewe s.. 


fie teoel ficient. ioitexmansiomioininizwmia ical leivaiie (Y) 
Was calculated from Equation 10 (Warren Wilson 1965). 
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where eee) is the sum of osmotic and matric potentials 
Soest islureor Ci<e. bWG = 100%) ; RWC. 5 some relative water 
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RESULTS AND DISCUSSION 


Field and laboratory water regime 


Seasonal 


waver Content of the tomS cm of the soil was4above 
Pied Capacity (_=-1/% bar) for most of the 1974 summer 
season (see Soils p 67). In general, the soil revresented 
an adequate available water supply that was comparable to 


the @wet “Meadows at/ Barrow, Alaska™@Gtoner and “Miller 1975) 


ang Devon! Island,/N.W.T. (Addison 1976). 


Leaf water potential (Fig 18A) was low (i.e. -10 bars) 
in early duly,°1974 but increased over a\10/ day: period to 
about -5 bars where it remained for most of the growing 
season. High .atmosvneric humidity apvpeared to be responsible 
for the low transpiration rates that permitted a shallow 
soil to leaf water votential difference (2.4% bars). Mean 
seasonal vavour pressure deficit (<0.5 mb) was less than is 
Considered typical of either arctic (6-3 mo; Lewis and 
Callaghan 1974) or alpine (8-10 mb; Bell 1973) areas. The 
lower spring values appear to result from low soil temvera- 
tures (1-2°C) reducing root water uptake rather than dry air 
increasing water flux from leaves since atmosvheric humidity 
was high throughout the season (see Climatology and Mirco- 


GilimatolLogy p 20). 
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Figure 18. 


Leaf water potential (a) and osmotic plus matric 
potential (b) of Luzula confusa during the summer 
Of 1974 
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The seasonal pattern of leaf osmotic plus matric 
Porcui ial (¥ie Web erollowea that of - » and turgor poten- 
tial (the difference between curves A and B in Fig 18) 


remained fairly constant at aporoximately 6 bars. 


In the laboratory, when plants were watered ona 
regular basis (i.e. every 3 days), leaf water potential of 
Luzula was approximately -4 bars for most of the growing 
period. The lower u and (eee values recorded in the 
eyeing in/ohe field (Fig 18), did not occur in’the labora= 
ferry (@ie 19). This indicates that it was the fitekd 
environmental conditions, rather than a characteristic of 
the plant during elongation, that was responsible for the 
depressed field values. Under both field and laboratory 
Cond ivions, Cree) values decreased after tne onset of 
Ote=pack (onwuly 26; FigsiGvand Day hls Vie 19). “lt is 
Pigusnt that this depression resulted Troma ghenem propor= 
tion of the cell constituents becoming soluble for trans- 


hocation an preparation for dormancy. 
Daily 


On a daily basis, Iuzuia exhibited severe water deficit 


Gia, eee bar) on only one occasion (July 27, 1974) during 
the three years studied. Incoming radiation on this cay 
2 


: — ‘ ~] a] 
reached the hiehest value recorded (1.15 cal cm ~ min ) and 


the 5 vrevious days had been free of either precivitation or 


Poe (nite 11, p 46). 
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Figure 19. 


Leaf water potential (a) and osmotic plus matric 

potential (b) of Luzula confusa during a growing 
period in the laboratory. Values are averages of 
4 readings taken between 08 and 10 h daily. 


9h 


. Y a Ld ‘ows | ote ne 
eae ene 
- @ a5. @ AE 
ad a, BAe 
Pe A 
iD Dy Or : y 
( : Lh ok | 
al } : : 
oe ae 
. us f y : | v, a7 
} ae A) OF 
io eal 3 ¢ ¥) 
Dh i \ of Les 
iy VJ : 
: 
5 
so if ; af 
a nN en . 
i ‘Al ' 
j : at 
j *: 
1 - : 
i 
ed ¢ 57 
_ 
He ¥ 
- _— - ~ 7 as el ea 
s 
a 
; 
a] 
Rs, 
a 
pave f, 
a 2 ' 
. : V Ww 
yr \ P ; 
yo F 
74 
eA s & 
y Ss) 4) a | 
\ u 
E eh eer ee, 
jt 
7 
‘ - 
i Su 
: 
b _ tT mh le 
5 * * a > >+ « - 7 
SE13n0 eultd Stage base (4) Taliniog 6180 3 aS 


7 - * 
- < i 


In the early morning (0400 hr), transpiration started 
to increase (Fig 20C) in response ae intréeasine radwant 
Heat toad Gn the surtaces but, a’ OSO00 hr, there was a 
dramawmic reduction in the rate. This decrease in trans-= 
piration could not be related to leaf temperature, air 
Demicaly or the radiant heat load. Ik appears that trans- 
“pirataon exceéded water uptake by the roots resulting in 
ancreaseq leat watermdefaicit and) stomatal clostire. MWiater 
and turgor potentials (Figs 20A and 20B respectively) were 
both low at the same time. Leaf resistance (Fig 20D) 
increased substantially indicating a dramatic reduction 
in stomatal aperature. The drop dn tumeor, +, and trans- 
piration appears to stem from thle inability of the plant 
to drawewater from cold soils. | Soil temperature (-5 cm) 
at 0890 -hr was only Fist but™had increaségd to 106 by 1200 
hry A second reduction in leaf water votential@ tur zor 
and transviration accomnanied by an increase in leaf resist- 
ance occurred at 1200 hr. This second reduction appears 
to be more related to the steev vavour pressure gradient 
from leaf to atmosphere, that caused the increase in water 
deficit in the leaf tissue. Vapour vressure gradient from 
leat to atmosphere had increasedi from 5.0 mb at 0500 hr 
to 6-4 mb at 1200 hr. The second reduction in transviration 


appears to “be comparable to the "mid-day depression" of 
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Figure 20. 


July 27. 


6 12 ig 0 
July 27 


Leaf water potential (a), turgor potential (b), trans- 
piration (leaf area basis) (c), and leaf resistance to 
water flux. (d)-of Luzulasconfusa during. July 27, 1974. 
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transpiration revorted by Gates (1965) for mesophytic plants 


and Courtin (1968) for alvine swnecies. 


On August 2, 1974, when incoming radiation was moderately 
high (0.95 cal cm© min7! at solar noon). Luguia did nat 
aepeaim +O be damited ‘ty water at anyftime dumine Ahe fay. 
leat water potential (FigfeiA) did not drop below -10 bars 
at any time during the measurement period, and the minimum 
turgor potential reached was ~proximately 2.5 bars (Fig 21B). 
There was however,,;a@ reduction in transpiration rates at 
POO fie (bie 21C). but this apvears to be more antluenced by 
changes in environmental conditions than an increase in leaf 
resistance (Fig 21D, Table’ 17). Leaf resistance did increase 
when | Bayes eee ese decreased, but this is probably an arti- 
fact in tiej data since®@calculations"oT-teattesistance are 
highly dependent uvon transpiration measurements (see Equation 
5). The maximum leaf resistance of Luzula during August 2-3 
Was substantially less than on July 2/7 when water and turgor 


potential Measurements indicated that the plant was experi- 


encing severe water deficit. 


On days with substantial cloud cover, water ana turgor 
potentials were consistent and high while transvsiration 
was low. On such days, leaf resistance was normally less 


than 2 sec cm™! throughout the day. 
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Figure 21. Leaf water potential (a), turgor potential (b), trans- 
piration (leaf area basis) (c), and leaf resistance to 
water flux (d) of Luzula confusa during August 2 and 
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Table 17. fnvironmental conditions and plant resnonse during 
a reduc tiog in transpiration on August 2, 1974. 


A A Re RO oe ey es 
nome a ar en a a Rae a aR 


TIME 
FACTOR L200 14.00 1600 

NN tees el 

(cal cm ~ min7) 0.95 0.87 1.60 
Net Radiation _ 

(cal em7> mine? ORES ee OrsLess 
‘Leaf Temperature We 10:6 Wee O56 
Air Temperature oa 5) nein Lg 
Vapour Pressure Gradient 

(leaf to air) (mb) bel 2.6 be ie 
Transpiration 

(g m7° nr7t) 66 aks ee) 
Leaf Resistance 

(sec cm) ate iss: 29 


The minimum leaf resistance of Luzula caleplated from the 
: -1 
energy budget comronents (0.5-1.0 sec cm ~) was comparable 
with that of »lants growing in moist environments in both 


-1. ; a 
1."sec ¢m “; Ehleringer and Miller 19/75) and 


alpine (0.6 


areticutl — 49sec sneer Stoner and Miller 197>)/areas. 
Physiological response to water deficit 


Laboratory studies on the resvonse of Luzula to water 
deficit showed a shift with phenological stage (Fig 22). For 
all water rotentials, the plant maintained a greater amount 
of water in its tissue late in the season (Fig 22B) taan in 


the early vart (Fig 22A). There was also a significantly 
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Figure 22. Osmotic plus matric potential (‘r+%) and 


turgor potential Sy de, versus relative water 
content at the beginning (a) and end (b) of a 


laboratory growing period. 
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greater reduction in turgor with decreasing relative water 
content in plants at the end of the psrowing season than 
those at the beginning Cee Lest of regression lines p 0. 05> 
Sokal and Rohlf 1969). This appears to be a mechanism that 
allows the plant to survive late season droughts and 
maintain sufficient water in its tissue to allow trans- 
location of materials out of the leaf as it begins senescence. 
There was also a significantly greater reduction in heey ee 
with decreasing relative water content at the end versus 
beginning of the growing season. This is likely a response 
to senescence (greater soluble material present) and results 


in the maintenance of higher water content (osmoregulation). 


Mie difference ini cell wall preperties Celacticiry) 


4 . @} 3 Tye! =| 
between the two phenological stages (28 bar RNC early 


1 


} 


versus 48 bar “RWC ° late) also indicates that the plants 
hac 2 more sensitive. conrrol of water content at, the end of 
the season than at the beginning. Both values of elasticity 
fall within the range of elasticities for arctic graminoids 


at Barrow, Alaska (recalculated from Johnson and Caldwell 


1976). 
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CONCLUSIONS 


Water did not appear to be a limiting factor for plant 
survival on King Christian Island during the summers of 


a) 


1973-75. This was probably because of high atmosoheric 

humidity (VPD<0.5 mb) that maintained a low transpiration 
rate and permitted a very shallow soil to leaf water pvoten- 
tial, gradient (2.3 bars) to be adequate to supply the plant 


with water. The average leaf water votential of Luzula was 


-) bars and there were about 6 bars of turgor. 


On the rare occasions when leaf water deficit was 
Pertical, Gives %.<4 1. bar), traneviration rates were greatly 
reduced owing to the increase in leaf resistance from the 

1 


normal 1 sec om! fo 6. = Visec tim On. only One -day -did 


tie “beat «resistance reach this level. 


Luzgula appeared to be better able to resist water 
deficit at the end of the growing season than at tne begin- 
Nine.sowine to the lower elasticity of the céll walle that 


resulted in a more sensitive control of water flux. 
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PHOTOSYNTHESIS AND RESPIRATION 


INTRODUCTION 


The way in which arctic plants are physiologically 
adapted to and controlled by the environment has been under 
discussion for some time (Bliss 1962, Yarren ‘‘ilson 1966, 
Billings and Mooney 1968, Bliss 1971, Savile 1972), but 
it has only been recently that in situ measurements of 
vhotosynthesis and resiviration in arctic regions have been 
possible (Shvetsova and Voznessenskii 1971, Mayo et al. 
17s, 1976, reszen 1975). It has. only beer this’ recent 
field work tnat has permitted the testine of the many 


ideas derived in the laboratory. 


In this study, net photosynthesis was used as an 
indication of plant metabolism in order to evaluate the 
imiiuence or extrinsi¢ Cenvironmental) andanrtrinsic 
(phenological) factors. on plant ‘growth and survival.” © Whe 
specific aims of this portion of the work were: 1) to 
determine the influence of temperature, light and soil 
drying on net vhotosynthetic rate of Luzula confusa and 


2) to determine what influence vlant factors such as leaf 


age or phenological stage have on net vhotosynthesis. 
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METHODS AND MATERTALS 


Field Studies 


Net assimilation rate (NAR), the difference between 


plant vhotosynthesis and respiration, was determined under 


field Congverons. es Individual taiversror Lucila were enclosed 


in cylim@rcalwcuvettes (mate Gy that were varntsot an oven 
cuvette-gas analysis system (Sestak ete aol) eeme 
design of the gas flow system followed those of van Zinderen 
Bakker (1976) and Harteerink (1975): Fie 235). Two .ctvettes 
were used: on a time sharing basis and carbon dioxide flux 
from air to plant was measured differentially with a Beckman 
Model 865 Infra-red Gas Analyser (IRGA). The outnut of the 
IRGA was recorded on a: 26-channel Honeywell Potentiometric 
Recorder and was proportional to the difference in CO. con- 
centration of air passing through the cuvette and that which 
did not (Sample = Reference, Fig°23). Full scale on the 
recorder represented a difference of 50 ppm CO, between the 
sample and reference cells in the IRGA. Calibration was 
Carried out every 6 hr using air from 2.cylinders with known 
CO, concentrations (Consumers Svecialty Gas, Inc.). The 
concentration of CO, in the gas cylinders had been previously 


determined with the IRGA by comparison with the known output 
from a gas mixing system (Wosthoff, Inc.). Dark respiration 
within each cuvette was measured occasionally after light 


was excluded by an aluminum cover. 
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Plate 6. Cuvettes used for single tillers of Luzula 
confusa in both field and laboratory gas 
exchange studies. 
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Sample Reference 
To IRGA 


q———— Flow Meters ———» 


mm Filters 


¢——-Drying Columns, 


“ 


lean __ Solenoid 
‘ Valves 


Cuveite | 


Mixing Mixing 


$ 


Bottle Bottle 


Air intake 


Figure, 23. Open gas flow system used in both the field 


and laboratory. 


eek 


ov iit 


Power suoply for the instrumentation was a 2500 W gas 
powered generator (Onan or Homelite) and the voltage and 
frequency were kevt constant (119 VAG @ 60 Hz) by a decries 
a dummy". Joad of two 250 W lisht bulbs. The generator was 


kept downwind of the air intake of the air flow system at 


eile ames. 


The instruments were housed in a heated tent and were 
aneculated “with plastic “foam in order’ to “maintain optanum 


overating temperatures. 


Leaf and air temverature both inside and outside of tne 
cuvette were monitored continuously mith the recorder taat 
Was equivped with an electronic reference junction for 
copper—constantan thermocouples. internal cuvette tempera- 
tures were kevt as close as possible to anbient (0-5°¢C sunny 
and 0-2°C cloudy conditions) by adjusting the flow rate 
through the cuvette. Control of flow rate was accomplished 
by supplying the intake vnump (Recivrotor, Inc.) with different 
voltages from a cower transformer. Flow rates through each 
Cave te were tyvically between 50 and 150 mL ning! aevending 


upon both the heat load requiring dissipation and the rate 


of gas exchange by the plant. 


Photosynthetically active radiation (PAR; 400-700 nm) 
was monitored continuously with a Lambda Suantum Sensor 


connected to the recorder. Components of the radiation 
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regime were also monitored on the recorder using the sensors 
described above (see Climatolory and Microclimatolo-xy BeAr 
and Energy Budgets p49). Soil water potential and water 
content (see Soils p 66), leaf water potential and comvonents 
(see Vater Relations p 83), and evaporation and transriration 
(see Energy Budgets p 49) were measured at resular intervals 


while net assimilation measurements were in vrofress. 


At the end of the mexsurement period, enclosed tillers 


were harvested, dried at BORE for ch hr and weighed. Calcu- 


lations of net assimilation rate (NAR in me CO, po! nr?!) 
Perereerrivec* ouv rollowimesboquation Tl. 
Coaevimby. 1 iy Mantes were 4 
s/7C Ty vy 
TAR = ici OE ak Saas ois a bab 
W, 


where Cuv dis the scale reading on the recorder: when the INGA 
has air from the cuvette ini the sample cell and ambient air 
in the reference cell; Amb, the scale reading when the IxGA 
hac ambient, air, flowing, through both cell ssiSsctme difference 
in scale units betweem the IRGA reading when the same stand- 
ard gas is flowing through both cells and that when each 
Standardhneas isy flowing, thronghione cCeldgeC,0the gitterence 
in CO, concentration between the two standard gases (ppm); 
remar | 


Z, the conversion from ppm to mg CO, & (44 *107°/22 414 


me CO mi pom |); T°, standard temperature (273.16 °K); 


as 


Ths leaf temnerature (°K); F, flow rate (ml min7!); oie 


conversion from minutes to hours and, ,, dry weight of the 
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tiller (g). The potential error involved in the determin- 
ation of absolute NAR measurements was aporoximately 15% 
mainly owing to possible errors in flow meter and standard 
gas concentration calibration. Reproducibility on the 


other hand, had a possible error of less than 6%. 
Laboratory Studies 


The same gas analysis system and cuvettes that were 
used in the field were also employed to cetermine net 


2! = ey Cone = oa 
VAG (ax Bap beers sea ee 
Do AO Vi ETC OG ean. Eek 


assimilation rates of Luzula under selects: 
conditions in the laboratory. All plants were grown under 
standard environmental conditions as described above (Water 
Relations »53) and transferred to the “exverimental" 
environmental growth chamber where lisnt intensity and 
Vemperature could be manipulated. in’ ali ‘experi menus, an 
and @eaf and air temperatures were monitored, “Air Sugoi, 
forethe flow’ system-was from the Central “air-condivioning 
system and two 19 1 mixing bottles were employed in an 
attempt to obtain stable CO, levels in ambient air. in 
botholaboratory and field studies, it was not possible to 
either control or measure atmospheric humidity in the 


cuvette with the instrumentation available. 


Effect of Light and Temverature 


Pairs of Luzula confusa vlants, each with one tiller 


enclosed in a cuvette, were placed in tne 
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growth chamber where they were given a 2 hr period under 

each condition of light and temperature (Table 18). 

The sequence that the conditions were presented was selected 
in order to minimize after-effects of exposure to high or 

low temperatures on photosynthesis. An equilibration time 

of about 10 min was given before each reading and two measure- 
ments of each tibiler were averaged to yield tiller NAR. 
Measurements of 10 to 15 tillers were taken under each pair 


OL Cone. tions. 


Table 18. Order of temnerature and light conditions during 


new aesimmuacron studies, 


RSL LSI IB ete FE CELI OOS TR AE OR ETT. 


TEMPERATURE (°C) 


0 5 10 15 20 2 
As 0 3 I 8 12 16 20 
[ae : 
Ay 150 31 1 5 9 13 Ve 
! _ 
The 20 350 42 2 6 10 14 18 
ie itast 12) 
mies a 550 5 3 ? 11 15 19 
ei) | 
ane 909 He DY 23 25 ay 29 
Hf 
= 1300 ¥% 22 2h 26 28 z0 


** Values not obtainable 


io eee ne CE TOR IY 
Le ET CL 


(oF 
we 
<| 


he desired leaf temperature wa: achieved 


adjusting both the temnerature 1n the growth 


Ai M on 


ated valaar : me : | ae ee a th 7 oh 
i ssa a i | . pensive 
fits PO Einke Hise: mare aa hed PB 


ats GUE O eadaaipxe to” Senette 


ae 


y = vit one 
eee a er i 
Si as roavlawa: ine en + a 4 7. ae rae fo 4 . 
. 9 Fee ta Ex es 
= eh ned Res op heee! Wore ongted” ioney oe oaw mtu 01 


ny, 3 oS Boseaawe smew meRtEe 
qabas pmiet Stow atelees et of OT i 


» ’ ae } 
i ¥ if 
; Za eS 
: : a E ne ? P 
‘p pags a as re, ices surteeenned to pe 
. ithe sepiiieaie wie Tr 
en uy a: ‘aie 
peo an ag ee a eet at : i : ; snp ge berstieers -= eo 


a  —ceml i tnts et ie ig ee te 


ae " eee ” 


Le ve bf os ; 


+500 Sra Lit? .. 
yal bvobsina Be oii sien oe eer asiT 


S fisvog, afd nt enitemermet ont iod sigs 


‘ - é Laan 
ve aioe 


Le 


chamber and the flow rate through the cuvette. The lowest 
four liseht intensities were obtained by varying both the 
number of lights burning in the growth chamber (external 
controls) and distance between plant and Ji ght bank. hor 


~=| 


* . y . . * . - my ~~? 
higher light intensities (i.e. 900 and 1300 pE m* sec, 


PAR), growth chamber lights were supnvlemented by a 1000 W 


Tungsten-filament bulb complete with water jacket. 
Kkifect of Drying 


Four plants were grown for 20 days under standard 
conditions (see Water Relations p 843) and watered on a 
Peeuler basis (every 43 days). At the end of this period, 
they were transferred to the growth chamber where they were 
given constant temnerature and light conditions (10°C ana 
550 VE m= ec PAR) and watering was stopped. Relative 
humidity in the chamber was about 60%. Net assimilation of 
one tiller from each plant was measured daily for 15 days. 
The same tiller was used throughout the drying period and 
Was enclosed in the cuvette only for the time period required 
to measure NAR (i.e. 1 hr; 30 min equilibration and 30 min 
measurement). At the same time as NAR was measured, water 
potential and its comvonents were also determined (see Water 
Relations p 83) for another tiller. It was assumed that all 


tillers of one plant had the same NAR and water potential. 


ne 


we? val 
i 


ii oe 


ott > ee ee of ie tT 

fearegs%ed nafegenY, Asworg. odd yee hein 
<a" alsin Sie Sra, Te 
Ts et 8 | e 


p Ae 
9 

’ 

hte 
a 


4 
ry 


= 
he ¢ 
Lh | 
on 


heehirete aT iteb OF 32 witcta orn aeaah 
» to bevedae tive Cebg ata 
yookta! pba, th Die aiid dh _» Gash (anak: <: ihe 
aray tads s*eay, wpm, eeese ee ot ‘bec 2 
nue DPOC ecchel cies tages fist orn tae fis 
“send fed. betagriel ete sb de aa et Pai, 
be onl sitive s ven oo sweden S00, pitts aid, “ae 
mee 2) wor wish perwaehe ae: Grint ane Work 
“pee! 60 dies aera git 39am yenads beat any usd 6 


hig 


66 


We, 
nonithipnr hot TAY nad add Sal (isn arievirs ost ‘ae & ce r. 
Beets. 
Tim Ge bia ein deci dioile et GE gran f aD 
ew " {bseirs24e abV ‘or as Pay onea’ ‘odd es 
asta oa) baniuxoteh odie ston adrenoiaios « 
te deal hatiesine one 32 steliie servers not (88 <n 


bape aeiton apdaw bre Al) cuagy! Qelit tut dene ene to etoLitt ~ 


“ee 


: Let 2 bengee 


{i2 


Effect of Phenology 


Net assimilation rates of various non-flowering tillers 
from a single Luzula plant were measured continuously for a 
ey hr period under standard conditions (see Water Relations 
p 83) at selected times during the growing period. The 
times represented four plant phenological stages including 
Pretlowering, anthesis, postflowering and dieback. The IRGA 


Was calibrated both before and after the 24 hr measurement 


period and zero was checked hourly. 


Results AUD WISCUSSION 


Field Studies 


Net assimilation of Luzula confusa on a day with moder- 
Ete to hieh incoming radiation (duly 28, 19703 222 2) 
appeared to follow both temperature and light intensity 
tChroveneut the 2) hr arctic day. § The generality that maximum 
net photosynthetic rates of"arctic plants are obtaimed near 
solar noon and minima near solar midnisht (Tieszen and 
Wieland 1974) avpeared to hold, but CO, untace was most 
strongly coupled to leaf temperature rather than lignt 
intensity as observed for other arctic plants (Tieszen 1973, 
Shvetsova and Voznessenskii 1971). During the "night" hours, 
Luzula often had vositive net assimilation. The ability to 
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Figure 24. Net assimilation rate of Luzula confusa and 


environmental conditions during July 24, 19/5. 


. 7 
ib i>. 


G ~~ nad 


brs S2iindo ‘sia +s Sen eos eae i ns 


.20er . #2 viv shiauh saonsihage fst ramnotivag, 


114 


> 


day appears to be a common characteristic of arctic plants 
’ rd 1 t “ > 3 
(eyo rek al. 1695: 1976, Tieszen 1973) and Luzula confusa 


was no exception (Fig 24). 


With the onset of dieback in the field, net 


assimilation rates dropped dramatically. Tyvical mid-day 


-net photosynthette rates ranged from 10 to 15 tg CO 5 oe hr! 


during much of the growing period but dropped to between 2 
~| 


and 5 meg CO, g hr! with the onset of senescence. The 


reduction was not a result of increased resviration sinte 
rere Was also a slight drop in dark respiration’ (Panle 19). 
The reductions in both net photosynthesis and dark respvira- 
tion therefore avpear to represent a general slowine down 


of plant metabolism with senescence. 


Taprea,oy \NetMassinilation rate ofthuzula cont gear ander 
selected environmental conditions before (July 28) 
and after (August 4)-the onset Of vscencacence | eel 


values are averages of 3 samples. 
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Temperature appears to have the preatest effect of any 
environmental factor on the net assimilation rate of Luzula 
confusa. Using 60 hr of NAR measurements at the heieht of 
the growing season (July 23 to 26, 1975), it was found that 
there was a significant correlation between the logarithm 


(base 10) of leaf temverature (°C) and NAR (mg CO gl Aro) 


2 
above a threshold temperature of 3 °C (r = 0.93; p<0.01; 

Sokal and Rohlf 1969, p 509). A significant amount of the 
variability in NAR was accounted for by the regression of 

NAR on 1O£,9 temoerature (NAR = -9.1044 + 21.0152 (log), chan 
p<0.001; Sokal and Rohlf 1969, p 420). Below 3 °C, NAR 

was not significantly correlated with leaf temnerature. 

Since low leaf temveratures during the growing season are 
almost always associated with low light Levels, at! was 

expected that Iisht. might be limiting at) these: tames. \light 
intensity (nE m~* eer | PAR) was significantly correlated 

with NAR (r = 0.96; p<0.01) below 3 °c and the linear re- 
gression of NAR on light intensity accounted for a significant 
amount of the variability in NAR (NAR = -1.018 + 0.0119 (light); 
p<0.001). A more comolete explanation of the field response 


is presented below (see Laboratory Studies; "ffect of Light 


and Temperature p 124). 


The influence of the field moisture regime on net assim- 
dlation rate was not explored. The ranges of soil and leaf 
water potentials were very narrow and it was not vossible to 


observe any effect of moisture on NAR. In addition, a 
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significant amount of the variability of NAR was accounted 


for by light and temperature alone. 


An empirical model was constructed using the two 

regressions described above... The model used NAR resressed 

on log temperature above See and NAR regressed on light below 
Bes A"test of tne model Was carnied out using HAR, leat 
temperature and vhotosynthetically active radiation measure- 
ments from a day with moderately high incoming radiation 
iialy Seeni O75). The data from tails \day frere mov used in 

the regression analyses. Although tnere were some diifer- 
ences between the vredicted and the measured valued of NAR, 
Sanecial yy at low light and temperature (Fig 25), the aeree- 


ment Was quite close ,amag-tne model predicted agdaily average 
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g aoa Under cloudy conci tions Cine 1,7 107 >a ce 
difference between predicted and measured net photosynthesis 


; =] ~] 
on a daily basis (1.3 vs. 9.9 mg CO, g€ hr ) was also low. 


Laboratory Studies 


Wifect of Lieht and Temperature 


Light 


Luzula confusa responded tovincreasing light intensity 
(Fig 26) like most C., plants (Hesketh and Moss 1963) and light 


saturation anpears to occur well below full sunlight 
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Figure 25. Net assimilation rate of Luzula confusa and 


environmental conditions during July 28, 1975. 
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saturation increased with increasing temperature but the 

rate of increase did not avvear to follow the established 
exponential relationship (Lieth 1960, Pisek 1960). Hart- 
gerink and Mayo (1976) showed that arctic Dryas interrviolia 
also did not resnond exponentially. lLuzula confusa had low 
lignt compensation and 4+ saturation at low temperatures and 
high light compensation and + saturation at high temperatures 
(Table 20). This avvears to be an adavtation of the plant 

to maintain positive net assimilation in an environment where 
leaf temperatures are tightly linked to radiation load (see 
Energy Budgets p 34 3 Addison 1976). This interpretation 
coincides with Hartgerink (1975) for Dryas from Devon Island, 
N.W.T. Light compensation and saturation of Luzula confusa 
at 15°C (180 ft-c and 4800 ft-c resvectively) corresponded 
closely with other arctic graminoids (ca. 125 ft-c and 5000 
ft-c; Tieszen 1973). 


The use of + light saturation rather than saturation in 


2 
Table 20, stems from the realization that the photosynthetic 


hechenian- ie iever fully saturated. “Phe data in fig 26 


Were gat to Equation ic. 


ma dark. : 
NAR = med Ss - réspiration C1724 


where <a cand ibeare “constants .andx "is" light “intensity 


(nE m7> deat! ta Half light saturation was determined by cal- 


culating maximum NAR, dividing it in half and picking the 
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anpropriate light level off Fig 26. The use of iverh sa bur 


ation however, was maintained for comparison vurnoses. 


Table 20. Light compensation and + saturatiom.of Luzuie 
confusa under laboratory conditions. Values are 
estimates from Fig 26. 
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60 ft=-c /*pE eae et tad (Hartgerink 1975) 


Temperature 


The optimum temnerature of NAR for Luzula confusa (15° 
toe 2O 0) agrees well with that exhibited by other arctic 
plants (Tieszen 1973, Hartgerink 1975, Tieszen and Wieland 
1975). Optimum temperature anpeared to shift with light 
intensity (Fig 27). Since light intensity was normally low 
on King Christian Island owing to high incidence of cloud ana 
fog (see Climatology p 28 ), under most field conditions the 
optimum leaf temperature for net vhotosynthesis would be 
approximately 15 Oc, In the field however, leaf temveratures 


were normally about 5 to 8 °c and hence there was a strong 
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dependence of net assimilation on leaf temperature as shown 
previously (Field Studies p 115).° It should be noted that 
the shift in optimum temverature yas a light resvonse and 


=) 5 


did not represent acclimation of the plant to different therma’ 


nod 


ana radiation rersimes, a process which may also occur (Billings 


eel. 1971), 


Maximum net »vhotosynthetic rate of Luzula confusa (20 
aa =| =e 


hr GLE OSs CO, dm nr7!) was comparable 
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, ; . ; : ~2 ~ 
who mosh other arctio graminoids, (10 to 'eo me CO, dm © hr; 


ms CO. g 


meczen 1975). Considering 15 °c as ovtimum leaf temrerature 


for net photosynthesis in the field, the maximum net assimil- 


5 -1 <1 > 
Bao ton rate wollld be about 145.7 mEecc. s ny Chena pe Vent ss CO. 
dm7> hr7!. This is almost the mid-point of the range of 


Tyee yes 


maxima of arctic and alvine graminoids (Tieszen and Wieland 


1975). 


Dark respiration of Luzgula was high at all temperatures 
(Table 21) and was higher than other arctic graminoids 
(Tieszen 1973). The rate however, was lower than several 
rus (Mooney et al. 1964), Dryas integrifolia (Hartgerink 
1975) and Thalictrum alpinum (Mooney and Jomnson 1965). 

Dark respiration normally increases exvonentially with ten- 
perature (Larcher 1969) and Luzula (Table 21) appeared to 
follow this trend. The temperature range chosen for labora- 
tory studies was based on field measurements of leaf tempera- 


ture and did not go high enough to confirm the exponential 
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response. A 810 for dark respiration was 261 (5° - 15 Ce 


and was comparable with both other arctic spnecies (1.8 - 
5.0; Semikhatova and Shuktina 1973, Lewis and Callaghan 1974) 


and other plants in general (2 - 3; Forward 1960). 


Table 21. Dark resviration and maximum net photosynthesis 
of Luzula confusa under laboratory conditions ( 


mean and 95% confidence limits). 
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Mhevhien Late of respiration of Luzula confusa may ve 
of importance in maintaining hich net assimilation rates at 
low temperatures. High respiration would permit) ranid dis- 
solution and translocation of vhotosynthate and reduce the 
potential for inhibition of WAR by end-vrocuct accumulation 
(Warren Wilson 1966). Mooney and Billinss (1961) suggested 
that high respiration rates.of arctic plants may help them 


to develop more ravidly in cold environments. Although high 
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respiration rate is comzson to arctic plants, it has yet to 
be demonstrated why the increased rate is of value to these 


plants (Billings 197k) 6 


Combined Light and Temperature 

dhe combined effects of light and temperature om net 
assimilation rate determined in the laboratory aided in the 
nuermpretation Of Tiéld response of Luzula Contusa. At low 
pent pntensity (ca. 150 pE nS Eee and low temperature 
bee. 2 sone an increase of 0.2 °% yielded only a 1.4% rise 
ineNAR. <A 10% increase in Might“intensity on the other hand, 
Pesvited in ean incteate of 4.2% in MAR. This indicates that 
at these low light and temverature levels, NARK was mucan more 
sensitive to lignt changes and hence, tne sienificant corre- 
dazion| of NAR and light shown in the Field Studies (» 115). 
At higher light intensity, temperature was Of greater impor 


tance because of the low light saturation of the plant, and 


the roles of light and temperature were reversed. 


Wffect of Drying 


Water did not appear to be of major significance as a 
controlling factor for Juzula confusa metabolism on King 
Christian Island during the 3 year study neriod (see Water 
Relations p 102). Both the response of water votential and 


its convonents to drying (see Water Relations p 100) and the 


resnonse of net assimilation rate to drying (Fig 28) indicated 
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Figure 28. Net assimilation rate of Luzula confusa versus leaf 
water potential under laboratory conditions. The 
line was determined through regression analysis. 
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that drought stress must indeed be rare since Luzula, which 
grows over much of the coastal band of King Christian Island, 
was very intolerant of water deficit. The response of net 
assimilation to water potential (Fig 28) corresponded to 

that of alpine plants (Johnson et al. 1974) and increased 
linearly with increasing water votential (NAR = 29.85 + 360 + 
p <.001). Net assimilation rate dropved off dramatically as 
water potential decreased and was less than 25% of maximum 

at -7 bars. This reduction was similar to tuat of Calamagros- 
tis breweri (Klikoff 1965) but much greater than Carex exerta 
(Klikoff 1965), Dryas integrifolia (Hartgerink and Mayo 1976), 
Kobresia myosuroides, Geum rossii and Deschampsia caespvitosa 
(Johmson et al. 1974). The latter species however, are native 


to more xeric environments than is Luzula confusa. 


Effect of Thenology 


Phenological stage was shown to have a great imoact on 


net assimilation of Luzula confusa. Maximum NAR ranged from 


5 oo! a (540 pE a sec”! @ 10 °C) at anthesis to 
5 mg CO. eo! hr7! during senescence (Fig 29). The trend in 


WAR was to increase to a maximum at anthesis and gradually 


16 mg CO 


decrease as the plant arvroached dormancy. The lower values 

of vreflowering NAR (Fig 29) were likely a result of higher 

reeuiretion raves dininetmnovkh (Haditey and BRisseeiwo74F Bliss 
3) 4 ite CNet 


1966, Tieszen and ieland 1974). Reduced vostflowering NAR 


on the other hand, appeared to represent a general slowing 
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Figure 29. 


Net assimilation rate of Luzula confusa under 
four phenological stages in the laboratory; 
(a) preflowering, (b) anthesis, (c) postflowering 


and (d) dieback. 
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down of plant metazolism with senescence as seen in the 
field (see Field Studies P 114). This slowing down of both 
vhotosynthetic and respiration rates with the onset of dor- 
mancy has also been shown for Dryas inteerifolia from 

Devon Island, N.W.T. (Hartserink 1975) Dryas leaves reached 
full photosynthetic capacity only at the beginning of the 
eecond year of leaf life (Hartgerink 1975) and required 4 
much longer time to mature than did Lugula. The Gmportance 
of rapid maturation of graminoid leaves (maximum net photo- 
synthetic rate) has been emphasized by the simulation 
studies of Miller and Tieszen (1972) which showed a doubling 


of annual biomass production if leaf area was doubled in the 


SPC LNG « 


Siu ration Studies 


An emoirical model was developed to try to estimate net 
photosynthetic rate and annual biomass production. of Luzula 
confusa in the field. Leaf temperature, light intensity 
(PAR) and water potential were used as invut parameters 
since measurements were available for an entire growing 
season ‘(July and, August, 1973). The structure of the model 
was based on relationshivs between net assimilation rate and 


light, temperature and water potential that had been esta- 


blishead under laboratory conditions. 


A log -log plot of NAR versus liszht intensity was 


0 Repo eal eee : 
linear at all temperatures (O - 25 -C) and was described by 
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Equation 13. 
Log, (NAR+5) =at b(Log, 9 (L + 1)) (13) 


where a and b are variables based on temrerature and as 
: oe i) = cae 

light intensity (uE m“ sec’, PAR). The responses of a 

and b to temverature were also found to be linear and 


Equations 14 and 15 were derived. 


a= O.7et?=-05027 (7) (14) 
b=, 0.17516 + 0.0112) CTS) 


O . : 
where T is leafetemperature (~C). Resressidtimanalysis was 
used to determine the constants for all curves and the 
linear regressions described above were all significant 


(p 20.01; Sakal and Rohlf 1969, p- LeOYs 


The Tinear"resression of NAR on water sotential des- 
cribed previously (see Effect of Drying p 126) was used to 


simulate the influence of moisture on NAR. The model used 


a threshold of -2 bars however, and NAk was calculated for 


'@) 
(<i 
a) 
2) 
ct 
H. 
1) 
fo 


-2 bars and the actual water p the percentage of 
maximum NAR was then calculated and :nultinlied by the value 


of NAR determined in Equation 15. 


Under laboratory conditions, the aiodel precicted 
Values of net assimilation that fell between measured 
values of NAR for vreflowering and vostflowering phenolog- 


ical stares (Fig 30). Much of the difference between 
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Figure 30. Comparison of predicted versus measured values 
of net assimilation rate under laboratory 


conaitions. 
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predicted and measured values can be accounted for by the 
variability among individual plants and the fact that 
phenology was not taken into consideration when the response 
of net photosynthesis to light, temnerature and water were 
determined. The model therefore, appeared to be capable of 


estimating NAR of an "average" Luzula plant in the laboratory. 


In the field, the model based on laboratory resvonses 
was not as effective as in the laboratory and the difference 
between measured and vredicted net vhotosynthetic rates were 
substantial (Fig 31). The model overestimated NAR at low 
light and temperature, and underestimated NAR at high lignt 
and temperature. The reason for descrepancies between pre- 
dicted and measured values is not known but, it is thought 
tnat the Laboratory plants may have acclimated to Tae lower 
light idntensities funder which they were grown in tog environ- 
mental growth chambers (see Water Relations p 84). This 
might account for the higher NAR at low lignt and lower NAR 
at higher light as compared with field plants. The ability 
of arctic and alvine plants to acclimate to growing Cond Berens 
is well known (Mooney and lest 1964, Billings et al. 1971). 
The lower than predicted NAR of field slants may also be a 
result of cold soil temreratures. Low soil temperature has 
been shown to severely reduce plant growth in beans (Brouwer 
1964) and corn (Kleinendorst and Brouwer 1970) as well as 
in arctic and alpine plants (Bliss 1966, Bell 1975). The 


empirical nature of the model made it almost impossible to use 
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Figure 31. Comparison of net assimilation rate predicted 
using the laboratory model and field conditions 


and that measured under field conditions. 


i, mu 


a f 7 , BY ide i Nae £ 
s Le eae kis win’ ae pi my 
" NE «ae 

ae | a 1 cs a Vor ea a 


hee ep ion Ke : - <a : 


‘ee shit a Se 


, 


bot a kistg oahes natipt souks tos Lo Agekusrmad, 5 
anottihaods uéget dna: Beton etotasited edt getew 
AOL SGSd SLSRY ighew betnen aed Re’ 


' rv Ts ‘et ; 
oa 6) 
a & yt oy rea! 


it excevt under the narrow range of plant and environmental 
conditions uncer which it was derived. This was illustrated 
by the poor predictive capabilities of the laboratory model 


under field conditions. 


Wee model of net assimilation based on single factor 
analysis and derived from field data, avveared to be fairly 
accurate (see Field Studies » 117) and was used to predict 
the. photosynthetic capabilities of Luzula confusa in the 
King Christian Island Environment. Although it was not 
Possible LO calculate production of lLuzula because Jive 
standing crop Was not measured throughout the season, Fig 32 
shows that the potential for net photosynthesis was much 
higher in the spring and early sumer than in the late 
summer and fall. This illustrates the importance of immedi- 
atesimitiation of growth in the spring that is characteristic 
of Luzula. The model.of Miller .and-Tieszen-{i972)-also-showed 
that early svring initiation of growth would dramatically 
increase the vroductivity of Dupontia fischeri in the wet 


Coastal meadows at Barrow, Alaska. 
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Figure 32. Potential net photosynthetic rate (field model) 
based on actual field conditions during the 
summer of 1973. 
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ECOLOGICAL IMPLICATIONS 


King Christian Island is a small island (ca. 1000 Km 


2 

a 
in the Sverdrup Group, but its imnvortance to eee exceeds 
its relative size. The reason for this lies below the 
island and surrounding ocean in its reserves of natural LAS. 
One of the first discoveries of natural Sagi tie Aecti.c 
Islands was on.King Christian Island and nence, man has been 
an important comronent of this ecosystem for several years. 


m 


ihe involvement of man in this ecosystem is characterized 
by his .disturbance.of the natural .systen<through,»solid.and 
liguid waste disvnosal, surface blading, seisnic and drilling 
Operations, .Velicle tracks, and airstrip .conebeuct.on and 
maintenance (Babb and Rliss 1974, Addison and Bell 1976). 
Although all of these disturbances are local in nature, 
revegetation must be considered both because of government 
regulations, the need of industry to maintain intact and 


stable land .curfaces and, for, aesthetic cmeacous. 


Wind and water erosion annear to be very important 
factors in the establisnment of the hirhly dissected sur- 
face «features on. King Christian-Island.., Fae mome.-commiex 
tovogravhy thus formed, gives rise to gradients in exvosure, 
available soil water and soil stability and hence, a variety 
of different microenvironments. Plant communities in the 
Polar .Semi-desert appear tobe \delimited.by these micro- 


environynents whereas in the Polar Desert, no definite vlant 


Communities could be discerned owing to the sparse vascular 
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6 
plant cover (<1%). The Polar Semi-desert area (2 - 15% 
vascular plant cover) occurs in a band about 1.5. Km wide, 


1,Km from the coast. .The rest of the island Ls. Polar. Desert 


(<2% vascular plant cover). 


The climate of Cape Abernathy, King Christian Island 
in summer can be classified as maritime, regardless of 
whether ice leaves the ocean to the north (Danish Strait) 
Stato. in 1974, ace Lett Danish <Stravton wu ee ene 
Originadhly dd wasi felt, thatyihis,was: responce ble, for ine 
Deis Ancidence of.fos. »iIn.1974. however,.icé«did. not. leave 
but fog frequency was still high, It seems therefore, that 
the influence of wet land surfaces has been underestimated 
anaythat much of) the; moisture, contributing to docal, tog 
banks: was: from this. source. ~The greater precipitation in 
1973.thanein 1974 (47 vs. 39.mm), is; thought. to have resulted 
from greater» cycionic, activity, with, a, more. northerly, position 
ofthe arctic. front. The, greater frequency in cyclonic activ- 
iit meas. also. reflected dn, .cloud. cover, (654i AG/ANS 7(in 


1974). 


Summer climate of the area, based on two years of 
observations (1974-74), was characterized by low temperatures 
(2.5°C), low precipitation (43 mm), moderate wind svneeds 
(3.3 m aye high relative humidity (90 - 95%) and a high 
+ncamence: ofa cloud and. foe (00% )s,. These, values) comnare 


closely with the summer Climate (July. and August) at Ieachsen, 


Ellef Ringenes Island; the closest permanent meteorologsical 


site. 
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Thermal regime appears to dominate the Kine Christian 
Island environment. Since air can hold only very little 
water vapour at low temperatures and surface to air temvera- 
ture gradient was shallow, evapotransviration was at a 
minimum. Cloud cover however, was high and this completed 
the cycle by reducing the amount of global radiation received 
and keeping both thermal gradient (surface to atmosvhere) 


and air temperature low. 


Longwave radiation fluxes were the major components of 
the surface radiation balance and, because of their magnitude, 
net radiation anpeared to be an excevtionally large compon- 
ent of global radiation (65%) by temperate standards. In 
general, net radiation was quite comoarable with otner 
arctic sites. Latent heat flux was low arparently as a 
result..of a very shallow surface to, atmosphere water vapour 
eradient,. Resistances to both mass and convecuive Neary 
transfer were small because of both the wind sreed and the 
meteorologically smooth surface. _bnerey Giesivarion ayoeared 
to be controlled mainly by physical rather than physiological 
factors since vascular vlants, non-vascular plants and bare 
soil all responded to the radiant heat load in a similar 
manner. 

Wind avpears to be a major facrorsvinay geli mye ine 
distribution of plants on King Cnriietian Wieland. \Mot mor ty 
is it imvortant from an energy and mass transfer point of 


view as mentioned above, but it may also be resvonsible 
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for mechanical damage to plants. The imract of wind depends 
On “speed, ‘surface roughness and particulate Toad." The 
results of abrasion by wind-borne sand and ice particles 
were observed more often in Polar Desert ‘than in Polar Seni- 


5 


desert areas. These features included nolishing of exposed 


4 


stones, small blow-outs around nlants and rocks, deposition 


ef material over “plants and) °abraston “of “plant *narverexnoced 
during winter. “Both “the "exvansion and contraction cof KE 
solls with changing soil moisture and manual texturing, 
indicated that in general, Polar Semi-desert areas had 
Reever “si it wand ~elay converts thar®Ppoler* veser areas eeuric 
greater incidence of wind erosion features in Polar Desert 


than in’ Polar Semi-desert areas 'anpears to be relatéd t6 


Surrace (stability as a réestiit’or varent material. 


The veroweh form Of -Lugul a°conPuse ~aveears-vatse "ene OT 
Bheceominant’hlant character Pstic st Wart “aceount = <2ereLts 
success in the high arctic environment. Foth aboveground 
and belowground varts of Tuzula are ‘concentrated near tne 
Ser -atmo senere-ihteriace? “Since the* seuree OP Vicay=ioOr 
both almosphére and soilsis the’ earth's survece,/ the’ erowtn 
form of L. confusa anpears to be ideally suited to utilize 
the warmest thermal environment available on King Christian 
Tslandt Pérsistance of dead material in its uprignt 
position is also imvortant in aneliorating the thermal 


ANA 


; a a 2 nie ‘ial hnelv Oo decrease the in- 
regime. Standing dead material nelps to decrease the in 
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fluence of wind on heat flux anc resu’ its in leaf temveratures 


being warmer than alr temvoerature. Standing dead material 
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remains intact for a long period of time (>20 years) 
because its unricht vosition ruts the substrate in a 
hostile environment for decomrosition and eprazins by 
animals.is negligible. Visser (pers. comm.) found that 
both fungal biomass and number of fungal species colon- 
izing dead LuZula confusa leaves were extremely low com- 
pared with fungal pooulations on leaves in more temperate 
regions. The large amount of standing dead (94% of above- 
ground standing crop) appears to aid in protection of living 
plant parts. In winter, snow accumulates around 
material vrotecting the basal meristem from both abrasion 
by-wind-borne ice particles and extremes of temperature. 


In spring, trapnped snow melts and provides additional water 


to the plant for the growing season. 


A moss layer (O - 2 cm) was usually associated with 
Luzula confusa and it appears to be partially responsible 
for plant survival and growth in several respects. A moss 
mat provides vrotection for tne plant's meristem through- 
gut the year and acts as a water reservoir. Waver may. be 
limiting to plant growth, either on exceptionally ary 
years (which appear to be rare), or each year while the 
mineral soil is frozen or very cold. The utilization of 
the moss layer as a rooting medium (6% of Luzula root 
biomass) may be necessary. for rapid Gnitiation.of srowch 
in soring since water needed for clongzation vould not 
be available from frozen mineral soil. The most important 


roll of the moss mat however, anvears to be as a seedbed. 
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Addison and Pell (1976) showed at germination and subse- 
quent establishment of native species on King Christian 
Island was greatest on a moss substrate. It appears that 
Juzula confusa utilizes this substrate as a seedbed which 
may be not only beneficial but essential for plant esta- 


blishment. 


Reproduction of Luzula confusa is mainly asexual 
through production of new tillers from underground rhizomes 
every 5 ~ 4 Years. Hach tiller lives for about 7 yeare 
enG d2ec alter lowering im its final’ years Ficwerine 
appears 'tO stimulate rhizome branching, vossibly throven 
the loss of apical dominance as a result of the shift from 
leat to floral meristem. Rhach roizgome branch supports two 
living tillers and hence, rhizome branching increases 
asexual reproduction substantially. Since no viable Luzula 
seed was found during the tnrée year study period, even 
flowering appears to be more important? {or cera Tian 


sexual reproduction. 


> 


Werver O36 NOt appear CG: be & [aati ri aC rorer or 


survival and growth of Luzula confusa on King Christian 


Teena ithe maior reason for this acrears’ vo be COMNsist— 
ently high ambient relative humidity and shallow surface 

to atmosvhere temperature gradient botn of which 
evapotranspiration: low. During the three years of study, 


evaporation to precipitation ratio was low enougn Tie 
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Hear surlace sori! morsvtire €O = Scemansaanet drop 

below -5 bars during anyierpoviine” seasoul es lnbenreelren 

bien sotl moisture, Luzula did exverience leaf water deficit 
On rare occasions, owing to the effects of low soil tempe 
atures and a steev leaf to atmosohere moisture gradient. 

At these times, turgor votential aprroached zero and leaf 
Pesistante to water flux inereacch Gramataeaiy inaieat ime 
stomatal closure. Since water vapour and carbon. dioxide 
Pluxes have similar pathways, stomatal» closure) would decrease 
both transpiration and photosynthesis to almost. zero. Under 
controlled conditions in the laboratory, net photosynthesis 
dropped dramatically with decreasing leaf water votential 
(< 25% of maximum at - 7 bars). ‘The physiology of Luzula 
therefore, avnvears to be suited to non-drought conditions 
and even slight water deficit may substantially influence 
plant ‘carbon balance that is critical ativbese Lavi tudes. 
The periodicity of Luzula confusa may have evolved as an 
avoidance of late season drougonts rather than as a protec- 
tive mechanism to vrevent winter injury as suggested by 


Savile Toe) : 


Low sunmer temperature appears to be the dominant 
environmental factor responsible for low growth rates of 
planes in “arctic environments (Tieszen 1972, Billings 1974). 
In “spite of the ‘growtn form of Luzula which tends Uo 
ameliorate the thermal regime, temperature still avpears 
to be the factor that is most influential. Both above and 
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but growth and development of arctic and alpine plants are 
affected more by soil than air temperatures (Bliss 1966, 
Dennis and Johnson 1970). This is probably caused by the 
combined effects of low decomposition rates resulting in 
slow nutrient cycling, and low root activity in uptake of 
nutrients and water (Douglas and Tedrow 1959, McCown 1975). 
poll temperatures in the rooting zone of Luzula (-5 cm) on 
King Christian Island were low, averaging rede during the 
growing season (July and August, 1973). Both plant commun- 
ities had similar soil temperatures at this depth and at no 
time did the daily mean soil temnerature exceed 10°C. Over 
80% of lugule conlusa Toots were in we muriace Src or 
s0il sand this morphological adaptation to utilize the 
warmest soil environment is orobably extremely important in 
the success of the species. More detailed considerations 
of root growth and adavtations on King Christian Island are 
found in Bell (1975). 


' O cone 
Leaf temverature of Luzula was 1 to 2 above ambient 


air temperature (2.5°C) during the 1973 growing season on 


Mane Caristian ieland. Although <this difference was smal) 
as comvared with several other arctic plants at other hoe ve ks 
sites (Warren Wilson 1957, Corbet 1972, Addison 1976), it 
appeared to have a sudstantial influence on net pnotosyn- 


thesis. The field model.of net photosynthesis estimated a 
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both vhotosynthesis and dark resniration operated at low 
temperatures, and nositive net vhotosynthesis was observed 
Be =P tO £2 °9 both in the field and lahoratory. Air temper- 
ature rarely drops below ore during the 50 day rrowing 
season. Both the ocean and the large volume of water in the 


SOil ameliorate the thermal regine and hence, Luzula confusa 


is not expvosed to very low temperatures while in an active 
state. The adaptive significance of fairly high dark respir- 
ation rates at low temyveratures anvears to be related to the 


need to deveiop rapidly in“a’short and’ cool’ srovwin=e season 


(Mooney and Billings 1961, Billines 1974). 


The response of net photosynthesis of Luzula-to-liph 
invensity was Similar to the general resnonse of a Cs, 
plant.” Livent “compensation "was Comtarablerwitm other arcts 
olants and permitted tne “plant ~positive met assimilation 
rates even under low illumination. lLuzula showed a similar 
strong couvling of net vhotosyntnesis to radiation intensity 
as renorted by Shvetsova and Voznessenskii (1971) and Tieszen 
(197%) but, the response was probably an indirect effect of 
light through radiant heating of leaves. In the field, lignt 
intensity rarely avreared to be lisitins to net photosyn- 
thesis. Licht quality anveared very consistent and no shift 
in red to far red ratio was detected either seasonally 


or on a diurnal basis. It does not annear therefore, 
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that the 660/730 Phytochrome resnonse is involved in the 
biological timing of lugula ¢onfusas. “The periodicity vor 
Luzula did not require an external stimulus since flowering, 
fruiting and dieback all occurred in a controlled environment 


chamber under a constant day-night vattern of environmental 


CONG LOnS: 


Frediction of Luzula net assimilation rate based on 
environmental conditions indicated the importance of rapid 
Spring Initiation Of growth. Since the short arctic srov-— 
ing season is one environmental factor that nlants cannot 
control, maximum utilization of season may be imvortant in 
Maintaining a vositive carbon balance. lLuzula confusa 
initiated srowth within one day of snow-melt and since time 
Of melt was usially in Tate June or early July, 10 vook 
ecvenuase of the optimum conditions avaeiepe for nev puoto- 
synthesis (see Fig 42). Rapid production of “green maverial 
was made vossible by ore-formed buds and vartially extended 
green leaves that persisted over winter. -Spring growth 


apveared to be at the expense of carbohydrate reserves 


stored in both stems and rhizomes. 


Based on the vhysioloprical characteristics of Luzula 
confusa, the most ijmnortant feature tnat a plant selected 
for reveretation must have, is the ability to assimilate 


carbon positively and rapidly at low temperatures. This 


ability may be achieved by either physical characteristics 
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ameliorating the thermal regime of physiological character- 
istics that permit rapid carbon assimilation at low temvera- 
tures. lelmviaddition, plants that utilize the eariyvpere of 
the growing season have a greater likelihood of survival, 


growth and reproduction in this high arctic environment. 


im generalp.luzula confusa appears to be both morph- 


es 


q 


ologically and physiologically adapted to the Polar Semi- 
desert) environment) om Kine Christian, Leland. "This "species 
combines the more efficient graminoid photosynthetic system 
with some of the cushion plant energy trapping characteristics. 
In this way, the plant is able to assimilate carbon through- 
out i‘the arctic 24h day ’as well as positively and rapidly 

at low temperatures. In addition, the plant takes advantage 


of the optimal growing conditions that occur immediately 


after snow-melt. 
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Appendix B 


One of the most difficult factors to quantify in ecophysio- 
logical studies is the level of confidence that can be placed in 
any measurement of environmental factors. Since it was not possible 
to replicate radiation regime, water relations and several temp- 
erature measurements, some idea of accuracy was necessary before 
interpretation of the results was possible. There are two types 
of errors involved; 1) those owing to the instrument, its cali- 
bration and the recorder, and 2) those owing to positioning of 
the sensor. No estimate of this latter error was possible and the 
following table outlines the potential errors owing to instrument- 
ation. In the table, only systematic errors were considered and 
random errors have been omitted since most measurements were long- 


Berm averages. 


UNCERTAINTY SOURCE SYMBOL VALUE 
Thermocouple T. hae 
Electronic reference Er 5° ¢ 
Recorder B 2 LnOr aes ca Le 
Thermistor recorder ila ie 
Albedometer A AD 
Net Radiometer F Dae 
Black Body Emissivity a 05 
Surface Emissivity 2 OD 
Quantum Sensor Q ZA 
Weight W ma es 
Heat Flux Plate ip wy 
Vapour Pressure Leaf vP(T,) .28 mm Hg 
Vapour Pressure Air VPs) .39 mm He 
Thermocouple To OL ec 
Meter D Lie Or et heeCa le 
Fresh-Dry Weight Wy 1 mg 
W ] mg 
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Appendix B (continued) 


CONSTANTS 


FACTOR 


Leaf 
Temperature (tT) 


Air and Swil 
Tempersture 


Air Temperature (TD 


Relative Humidity 
(ki) 


Wind Speed 


ENERGY 
Global {R,) 


Reflected (i) 


Incoming (1) 


Longwave 
Down 


Longwave Up (L) 
Net (RD 


Latent Heat (LE) 
Soil Heat (G) 


Sensible Heat 


Photosynthetically 
Active Radiation 


Vapour Pressure 
Gradient (VP) 


Resistance to 
Water Flux 


Air Resistance 


Leaf Water 
Potential 


Osmotic + Matric 
Potential 


Turgor 
Potential 


Relative Water 
Content 


Coefficient 
of Expansfon 


SOURCE OF 


VALUE 

2.13 °C/mv 

<4 cal nee in ere 
-04 cal ence mae ine 
241.5 yE — ee eee 
WS) Gzal ena ean 


.06 cal cm ~ Ree rae. 


2. bars/pv 
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Thermocouple, Electronic 
reference, Recorder 


Thermistor recerder 


Hygrothermograph 


Hygrothensegraph 


Re Totalizing Anemometer 


b. Hot Wire Anenoseter 


Alhedometer, Recorder 
Albedoneter, Recorder 


Net Radjameter, Recorder, 
Temperature, Black body 
emissivity 


Incoming, Global 


Temperature, Surface 
emissivity 


Incoming, Reflected, 
Longwave Up 


Weight 
Heat Flux Plates, Recorder 
Net Radiation, Latent Heat, 


Soil Reat 


Quantum Sensor, Recorder 


Temperatures, Relative 
Humidity 


Temperature, Vapour 


Pressure, Water Loss Foor. E eat VP + >, 
1 1 
Temperatures, Sensible 1.82902 ~ T,) . 
Heat prema d 
H 
oT 6T 
ee! a , OH -} 
Cp t a -45 sec cm 
1 & 
Thernocouple, Meter K (oT + 6D) -7 bars 
Thermocouple, Meter KOT, + 6D) -7 bers 
Thermocouples Kory) -4 bers 
éu, ou, 
Weight POO BONE, 2elh 
1 ‘Z 
Osmotic + Matric, Turgor iv a Re aS 
» , , Com) ws) * 
Potentials, Relative y - Kc 
Hater Content 
is 8.7 bers ZKWC 


ERROR VQVAL TON UNCESTAINTY 
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52 
2% 
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x, (A + &B) .008 
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6I + oR, 056 
6T 
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COP Ga t 54 ~027 
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Kg (ON) «009 
K, (oP + 65) 006 
oR, + 6LE + 6G 098 
K, (6Q + 6B) 16-3 _y 
yE m~ sec 


dvP(T,) + REAVP, (OVP (T .) + ORH) «GL to Hg 
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